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PREFACE 

Tins book has been written in response to many requests from my 
fellow teachers and from the students who attend my lectures and 
demonstrations. The exercises represent a two years’ course of 
Practical Chemistry which was specially drawn up for my pupils 
reading in the Intermediate Science Classes at the Khalsa College, 
Amritsar. 

Each demonstration describes the class work for a period lasting 
I J to hours, but teachers can sub-dividc demonstrations according 
to the time at their disposal, the capability of the students, and the 
resources of the laboratory. There is no objection, in many cases, 
to two students working together, this may be done with 
advantage in, say. Demonstrations 111 to XXXV, but in all cases 
tests and experiments on analysis should be performed by each 
individual student. 

All the experiments described have been successfully performed by 
large classes of elementary students and are therefore thoroughly 
reliable. 

The practical classes should be arranged so that the subject of 
study is understood by the students before they enter the laboratory. 
The amount of work to be got through in each of these demonstra- 
tions is large and can only be done properly when : 

(1) The arrangements in the laboratory are such that everything 
necessary for the performance of the experiments is ready for the 
student when he asks for it. 

(2) The student is a conscientious worker. 

(3) The theory of the experiment and general hints on manipula- 
tion have been given some time previously in the lecture room. 

(4) The student is given at least one day’s notice of the practical 
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work which he will be required to do when the class next meets^ 
so that he is able to study the details of the experiments at leisure. 

If the student knows the subject obhis experimental work before- 
hand this book will enable him to read up^ in conjunction with 
his lectures^ all that he will be required to do. It is hoped that^ 
in cases where difficulties are likely to arise, adequate explanation 
of the theory of the experiments has been given to make the subject 
clear. The order of treatment is that observed in the course of 
lectures which I give in conjunction with these demonstrations. 

I trust that the manner of presentation of the section on Volu- 
metric Analysis will help the beginner to overcome the difficulties 
which are often encountered when commencing this important 
branch of Practical Chemistry. 

At the conclusion of many of the demonstrations will be found 
certain experiments headed ^‘Demonstrations.'^ These experiments 
are either somewhat complicated or involve the use of apparatus 
which cannot be issued to the whole class. The full explanation 
of these experiments is not given in the text. It is intended that 
the demonstrator should perform the experiments during the 
practical lesson before sections of ten to sixteen students and at the 
same time give details of the theory of the experiments. 

The students should be encouraged to ask questions, to examine 
and draw sketches of the apparatus used and to write in their note- 
books a brief account of the method employed. 

I wish to express my sincerest thanks to Prof. B. H. Wilsdon, of 
Government College, Lahore, for the interest he has taken in this 
book. lie has most kindly read through the sheets before they 
went to Press and has offered many valuable suggestions which 
I have been most grateful to accept for the improvement of the 
work. 

I wish also to express my thanks to my sister who passed the 
proofs through the Press. 

H. B. DUNNICLIFF. 


Simla, 

September, 1916. 
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A copy of this list of rules should he pasted in the cover of the 
note-book of every student in the laboratory. 

RULES FOR THE (;UIDANCE OF STUDENTS WORKING 
IN THE CHEMICAL LABORATORY. 

This note-book is NOT TO BE TAKEN AWAY from the 
Chemical Laboratory. 

Write only in black pencil or black ink and use the right hand 
page only. 

Commence the account of a nevv experiment on a fresli page 

At the head of the page write clearly the date and then, in a 
larger hand, the title of the experiment you are about to dcscribe. 

Write legibly on the lines of the book and make a point of being 
neat both in your work and in your books. 

Leave a clear line between the title and the description of the 
experiment. 

Do not cramp your work. 

Do not use odd scraps of paper for noting down data. Put 
your data straight into your book. 

Give, in the first person, a clear and concise account of the 
method you employ and write down what you do, etc , at the time 
you perform the experiment. 

Describe and carefully draw sectional diagrams of the apparatus 
you use. 

Never use a word of which you do not kyiow the meaning. 

Imagine that you are describing something which has to be 
read and understood by someone who has no knowledge of the 
subject. In this way you will learn to use simple words and 
your attempts to be clear will help you to understand your 
work better in addition to giving you a command of grammatical 
English. 

Rough working may be done neatly on the left hand page. 
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HULKS FOR THE GUIDANCE OF STUDENTS 


Ajter using a bottle return it to its place on the shelf. 

Do not remove Irom the demonstration table apparatus or 
reagents supplied for the use of the whole class. Take sufficient 
material for your purpose and perform your experiments at your 
bench. 

Report all breakages at once. Use small quantities. 

You are liable to be marked “ absent " for (i) lateness, {2) 
insufficient or untidy work, (3) not following out the instructions 
given to you by the Professor or Demonstrator. 

Students may be called on to pay partial or full cost of apparatus 
broken by them through carelessness or disobedience. 

I have read and understood the above rules. 

Signed 
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AND SIMPLE QUALITATIVE ANALYSIS 
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RULES FOR THE GUIDANCE OF STUDENTS 
IN WRITING UP LABORATORY NOTES 

Write only in black pencil or black ink and use the right hand 
page only. 

Commence the account of a new experiment on a fresh page. 

At the head of the page write clearly the date and then, in a 
larger hand, the title of the experiment you arc about to describe. 

Write legibly on the lines of the hook and make a point of being 
neat both in your work and in your ])ooks. 

Leave a clear line between the title and the description of the 
experiment. 

Do not cramp your work. 

Do not use odd scraps of paper for noting down data. Put 
your data straight into youT* book. 

Give, in the first person, a clear and concise account of the method 
you employ and write down what you do, etc., at the tune you 
perform the experiment. 

Describe and carefully draw sectional diagrams of the apparatus 
you use. 

Never use a word of which you do not know the meaning. 

Imagine that you are describing something whii'h has to be 
read and understood by someone who has no knowledge of the 
subject. In this way you will learn to use simple words and your 
attempts to be clear will help you to understand your work better. 
Rough '' working may be done neatly on the left hand page. 



PART I 

DICMONSTRATION 1 

A Study of tiik Burners used in the Laboratory 

Draw diagrams of your apparatus. 

Write down what you do and see at once. 

If you do not understand anything, ask the demonstrator. 

When chemical action takes place between gases with the 
evolution of light and heat a ‘‘ flame is produced. 

An inflammable ’’ substance is any substance which will burn. 

In this exercise you will study what happens when gases burn 
under various conditions. 

The lowest temperature at which a gas or a mixture of gases 
will begin to burn is called the ignition temperature ” or “ ignition 
point ” of that gas or mixture. Each inflammable substance has 
its own “ ignition point/’ 

Expt. I. — Temperature of Ignition or Ignition Point. — Pour 
a few drops of carbon disulphide into a small porcelain 
capsule. Heat a little strong sulphuric acid in a test-tube. 
Place the hot end of the test-tube near the porcelain capsule. 
If the temperature of sulphuric acid is greater than 150° C. the 
carbon disulphide will catch fire. The reason is as follows : — 

The vapour of carbon disulphide and air make art inflammable 
mixture. The temperature of air is below the ignition point of 
the mixture. The temperature of the hot sulphuric acid is above 
the ignition point of the mixture and so the mixture catches fire. 

Note that sulphuric acid has nothing to do with the experiment 

3 B 2 
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except that it can be heated above 150° C. Try the same experi- 
ment with a glass rod heated in the flame. 

The inflammable material continues to burn because its own 
combustion provides sufficient heat to keep the temperature near 
the inflammable material above the “ ignition point.” 

If the flame is cooled below the ignition point it will go out, 
vide Expt. 3, page 6. 



Expt. 2 —The “ batswing ” or fishtail ” burner. — Light the 
gas as it issues from the batswing burner. Note that the ignition 
point is too high for it to be set on fire by the hot glass rod. 

You must use a burning 
match. This burner is de- 
signed primarily to give 
light. 

Draw a sketch of the 
flame and notice how the 
jet is made. The flame 
consists of three parts. 

(i) A blue inner portion. 
This consists of unburnt 
gases. This can be shown 
by putting the end A of the bent glass tube in the blue part 
of the flame. The gases pass up the tube and will burn as they 
come out of the end B. 

If the gas does not burn readily, vary the angle at which you 
hold the tube AB. 

(2) The portion which is luminous. The combustion here is 
not complete. Depress a piece of cold porcelain in the flame and 
describe what you see. The black deposit is unburnt carbon. 
By interfering with the flame this carbon has been enable to reach 
the outermost zone. 

(3) In which complete combustion is taking place. Look care- 
fully for this very pale blue zone. It is the hottest of the three. 

Put a piece of iron wire in each of the three portions of the 
flame and notice what happens in each case. 

The luminosity of the middle portion of the flame is increased 
by the heat imparted to it by the hot outer mantle. 



STUDY OF THE BURNERS USED IN THE LABORATORY 5 


Expt. 3. — The Bunsen burner. — Examine the Bunsen burner 
carefully. Take it to pieces. Notice : 

(1) The tiny orifice from which the gas issues. 

(2) The tube with holes at its base. 

(3) The mechanism for closing those holes. 

Fit the burner together and connect it to the gas supply. Close 
the holes, turn on the tap and light the gas. 

Examine the flame carefully as described in Expt. 2 and notice 
that, though different in shape, it really possesses the same parts 
as the batswing (fishtail) flame 
you studied just now. 

Open the holes slowly and 
carefully observe what happens. 

The luminosity gradually dis- 
appears and the flame becomes 
pale blue and transparent. The 
flame may run down the tube 
and set the gas on fire at the 
narrow orifice inside the tube. 

This is called “ striking back.’^ 

Adjust the holes so that the 
flame is quite clear and steady. 

Depress a piece of gauze into 
it, holding the gauze horizontally. 

Notice the ring of red-hot iron surrounding the comparatively 
cold inner zone. 

Try to draw off and ignite unburnt gases from the inner zone 
with your bent tube. 

Turn the gas off. Stick a pin through a match one-third its 
length from its head and hang it inside the burner as shown in 
Fig. 3. Light the gas. The match does not catch fire. Why ? 
Lower the gas. As soon as the inner tip of the outer zone comes 
into contact with the match-head, the match catches fire. 

Depress porcelain into the clear flame and note that there is no 
soot deposited. There is no ‘‘ zone of partial combustion.’^ 

Turn off the gas. Hold a piece of wire-gauze about ij to 2 
inches above the burner. Apply a match to the gas above the 
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gauze. The gas catches fire but does not burn below the gauze. 
The reason is that the material of which the gauze is made^ being 
a conductor of heat^ conducts the heat away and the temperature 
below the gauze is lower than the “ temperature of ignition ” of 
the gases. It is upon this principle that the Davy Safety Lamp 
is made. 

Air is necessary for the combustion of the gas you are using. 
In the case of the batswing (fishtail) flame all the air used comes 
from outside the burner. The Bunsen burner is so constructed 
that air can mix with the gas before it commences to burn. That 
is what the holes at the base are for. 

You are provided with some material which will burn slowly 
and give smoke (smoulder). Light your Bunsen burner and open 
the holes. Put the smouldering material near the air-holes and 
you will see the smoke sucked in. It will give you an idea of how 
the air is sucked in by the gas as it comes out of its narrow orifice 
and mixes with the gas as it passes up the tube. 

If you have too little air your flame will be smoky. If you have 
your air correctly adjusted your flame will be clear and colourless. 

If you have too much air the flame first burns irregularly and 
then strikes back.” 

N.B . — If when the air-holes are full open the flame is still 
luminous or smoky, hand it back to the laboratory assistant. 
The remedy is to take the burner to pieces and partially close up 
the gas orifice, but the student is not to attempt to do that, as he 
has not the proper tools and may ruin the burner. 

Expt. 4. — The mouth blow-pipe. — Draw a sketch of a blow-pipe. 

Close the air-holes at the base of the Bunsen burner and make 
a small luminous flame for use with the blow-pipe. 

To maintain a continuous blast of air through the Ifiow-pipe 
a certain amount of practice is required. To obtain this continuous 
blast use the contraction of your cheeks to expel the air from your 
mouth on to the blow-pipe. Breathe through your nose and keep 
the cheeks more or less distended. You cannot expect to be able 
to use a blow-pipe perfectly at the first attempt. It requires 
patience and perseverance. Do not try to 'blow hard. A gentle 
blast is sufficient. Do not direct the blast down the tube, but 



DEMONSTRATION 2 
To MAKE A Wash-bottle 

Expt. 5. — To cut a glass tube or rod. — ^The method given here 
applies to tubes or rods of narrow diameter. The demonstrator 

will show how tubes of 
wide diameter are cut. 

Do not waste material. 
Cut off as much glass 
as you are likely to 
require. 

Lay the glass tubing 
on the table and hold it 
firmly in the left hand. 
With a triangular file make a single scratch across the tube at the 
place where the tube is to be cut. 

Take the tube in both hands as shown in Fig. 5 and arrange 
that the scratch is on the side of the tube opposite to that on 
which the thumbs are. The thumbs should be on either side of the 
scratch. Now pull the tube as if you wanted to stretch it, and at 
the same time bend it outwards by means of the thumbs. 

The glass should break with a straight edge. If it does not 
break it is because the file was wrongly used. Make a second 
scratch at the same place as the first was made and try to break 
the tube again. 

The cut edge is rough 
but if it is held in the hot, 
clear Bunsen flame the 

edges melt and become Rifirht Wrong^ 

quite smooth. 6 . 




Fig 5. 
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Be careful not to overheat a tube when rounding off the edges 
or the tube will collapse as shown in the figure (Fig. 6). 

Always round off the edges of a cut rod or tube in this way 
before pushing the rod or tube into or through a cork or a piece of 
rubber tubing The rough edges cut the cork, etc. 

Expt. 6. — To bend a glass tube. — For bending the tubes required 
to make a wash-bottle a batswing flame is used. Never use the 
ordinary Bunsen flame. Hold the tube in the length of the flame 
so that 2 to 3 inches are being heated. When heating the tube it 
must be constantly rotated backwards and forwards about a 
horizontal axis. 

Two bent tubes are necessary, one bent once at an angle of 
135° (Fig. 7 (i) ), and one bent at an angle of 45"^ (Fig. 7 (2)). 


135 ° 


Fig. 7. 



At first the student will find' it difficult to get a good bend as 
shown in Fig. 7, as not only is it hard to obtain a long, sweeping 



(b) 


Wrong. 


Fig. 8. 


curve, but there is a tendency for the tube to collapse and buckle if 
not properly heated, vide Fig. 8 (a) and {h), 

A long bend as shown in Fig. 7 (2) is made by bending the tube 
progressively. First warm it between points A and B (Fig. 9). 
As the bend starts at C, warm the tube to the right of C and the 
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bending will go on between C and B, and so on until the actual 
sweep of the bend occupies about 2 inches of the length of the tube, 


A C B 


Fig. g. 

but the bend will he quite uniform. It is possible to get the bend 
in one operation, but the beginner will find it difficult. The tube 
must be rotated while it is being heated. As far as possible allow 
the heated tube to bend by its own weight. 

If the whole curve docs not lie in fine plane warm the bend and, 
while warm, press it flat on a sheet of asbestos boarding. 

Expt. 7. — To draw out a jet. -Heat a piece of tubing in a clear 
Bunsen flame until it thickens at the place where it is heated. 

The tube will look like Fig. 10. Take the tube out of the flame 
and pull It slmvly. It will then assume the shape shown in Fig. ii. 



• 4 ' IG. 10. 
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Notice that the glass between a and b is nearly as thick as that 
at ca or hd. 

Draw a file once across the middle of the constricted portion 
and break the tube into two pieces. You now have two jets. 
Round off the ends c and d. 

The narrow orifice of the jet may be rounded off by very care- 
fully putting it in the hot portion at the base of the Bunsen flame. 
(See Fig. 22, page 18.) Be very careful not to seal the narrow 
orifice altogether. 

Expt. 8. — To make a capillary tube. — Proceed as in Expt. 7. 
When the tube has thickened, pull the two ends apart rather more 
quickly and a long, thin-walled tube, called a “ capillary tube,” 
will be formed. This is required in the next demonstration. 
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It is possible that^ when heating glass tubes cither for the purpose 
of bending them or making jets or capillaries, the tube piay lose 
its transparency at the point where it is being heated. 

The loss of transparency is called “ devitrification ” and is due 
either to overheating or to the glass being old. 

Expt. 9. — To bore a cork with two holes which will accommodate 
the two tubes bent in Expt. 6 .-— Select a cork of which the 
narrow end just goes with difficulty into the neck of the flask to 
be used to make your wash-bottle. Wrap the cork in paper and 
soften it by rolling it on the floor under the sole of your boot. 
It will be found that the cork can now be pushed into the nec'k of 
the flask quite easily, and that it will make a good, tight fit. 

Choose a cork-borer the external diameter of which is just a 
shade smaller than the external diameter of the glass tubing for 
which you are about to 
bore the hole. 

Hold the cork on the 
table with the left 
hand. Dip the cork- 
borer in a 50 per cent, 
solution of glycerine 
in water and place the cork-borer on the cork to one side 
of it. 

Be sure you are holding the borer vertically. Press down- 
wards and twist the hand first 180° to the right and then to the 
left until the borer has passed about half-way through the cork. 
Pull the borer out again. If it seems to be tight it will be easily 
withdrawn if given a slight twisting motion. 

The cork is now turned upside down, and by an eye estimation 
the point where the borer should have come out is marked. 

Hold the cork firmly. Dip the borer into the glycerine and bore 
again at the marked point. The borer should come out at the 
same point as that at which the boring commenced, and a clean 
straight hole will be the result. 

Bore the second hole in exactly the same manner. The two 
holes should be exactly parallel. Push the piece of cork out of 
the borer by means of the iron rod provided with the set of 
borers. 





12 


PRACTICAL CHEMISTRY 


Expt. 10. — To fit the wash-bottle together. — Be sure that the 
ends of your bent tubes are rounded off. Wet the two tubes 
and push them throu^^h the two holes in the cork. Fit the jet on 
to the tube with the 45'^ bend and the apparatus should look like 
Fig. 14 (a and b). 

See that the borings, etc., are air-tight by putting water all 
round the two borings and also round where the cork is fitted into 
the neck of the flask. Close the jet end A with your finger and 
blow at the mouth-piece end B, If no bubbles appear where the 
water is applied the apparatus is air-tight. 

The apparatus should be so arranged that the neck of the flask 



a d c 

Fig 14. 


can be held in the right hand and the flexible jet worked simul- 
taneously with the index or second finger (Figs. i4<r and 32, 
page 33). Arrange your tubes so that A B is a straight line. 

Expt. ir. — To insulate the neck of the wash-bottle against heat. 

—A wash-bottle has frequently to be used with hot water. In 
order to make it possible to handle the bottle when hot a flask 
of the form shown in Fig. 14a is used and thick string is 
wound round the neck to make a layer of insulation against the 
heat. 

The method of winding the string is showm in the diagrams 
(Figs. 15 and 16). Lay one free end of the string along the neck 
of the flask and hold it with the thumb of the left hand. Now 
wind the string round the neck of the flask and at the same time 
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bind down the free end of the string which has been laid along 
the neck. This is shown diagrammatical ly in Fig. 15. 

The windings must be tight 
and so bound that each sue- ( \. 

along 

cessive turn touches the pre- - I neoh of flask 

vious one. \ 

When the winding has gone ' | 

to within an inch of the mouth 
of the flask^ pull tight the free 

end of the string which has been bound to the neck of the flask 
and cut it off sharp and short. 

Now lay a loop of thin string along the neck of the flask with the 
loop at the mouth of the flask and then continue binding the thick 
string round the neck Jdi the flask, passing it over the loop string. 
When the windings have reached the mouth of the flask, the 
^ ^ , appearance will be as 

Frtte ends ot ^ * 


Free ends of 
V loop, string 
\ \| ! 


Loop, of thin string 


shown in Fig. 16. 

Now pass the free end 
of the thick binding string 


Binding, string through the loOp and, 

i ii.. 10. holding the binding with 

the left hand, pull the free 
ends of the loop string. It will pull the free end of the binding 
string back through the binding. Pull it tight. The loop will pass 
right through. Cut off the free end of the binding string and the 
binding is complete. 


ends of the loop string 


DEMONSTRATIONS 
How to cut a wide tube. 

Tsi Method, — With string , — Take the tube and wind two rolls of 
paper round it, leaving a small space between the two rolls (Fig. 17). 
One man holds the paper rolls at A and B, A second man winds 
a piece of coarse string twice round the tube between the paper 
rolls. The first man holds the paper firmly and the second pulls 
the ends of the string backwards and forwards, keeping the string 
tight round the glass tube. The glass gets very hot. Without 
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pulling the string away, pour cold water on the glass between A 
and D. The tube breaks. Wide bottles may be cut into halves 
in this way. 

2nd Method . — Make a lile-mark all round the tube and then lay 
wetted blotting-paper round the tube on each side of the file-mark. 


> 

> 1 

^ 

Paper ^ 

^ Paper 

f J 

Tube 

L ^ 

A \ 

B 



Siting 



Fu.. 17. 

Heat the tube at the file-mark with a fine blowrpipe flame. The 
tube will split across. 

2,rd Method . — .Make a file-mark round tlie tube and touch the 
file-mark with a small red-hot point of glass. The tube will crack 
along the file-mark and spread all round the tube. If the crack 
does not pass all round the tube, again touch the end of the crack 
with a red-hot point of glass and the crack will spread round the tube. 

How to Seal a Wide Tube. 

Use a foot blow-pipe. ^During all heating rotate the tube. 

1. At the point at which it is desired to .seal it heat the tube in 
a smoky blow-pipe flame. 

2. When the tube lias become heated turn on the blast and 
heat the tube till it thickens Fig. 18 {A). 



3. Draw it out slowly {B). 



4. Cut the narrow portion midway (6’). 
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5. Seal off the end of constricted part (/>). 

D 

6. Heat the conc-sliaped end, with constant blowing at the open 
end of the tube. The tube will first assume the shape E and later 
on will become like F, 

E 

F 

t'lG. 18 (A 10 F). 

7. Put the rounded end in the smoky flame and then allow it 
to cool slowly. 

I'he demonstrator will sliow and explain the use of : 

^ An air-bath. 

® A water-bath. 

® A sulphuric-acid- bath. 

^ A paraffin-bath. 

A tiierniostat and regulator. 





DEMONSTRATION 3 

Measurement of the Boiling Point. Distillation 

Expt. 12. — Determination of the boiling point of a liquid. 
Distillation. — A “ distillation flask is a round-bottomed flask 
with a long neck into which is sealed a glass tube of narrow bore. 

Fit the neck of the flask with a cork. Soften the cork by rolling 
it and bore a hole through it which will take 
the thermometer provided. (Exj)t. 9, page 

II.) 

Pass the thermometer through the cork 
until, when the cork is fitted m the neck of 
the flask, the bulk of the thermometer is 
opposite the position of the insertion of the 
tube in the neck of the flask. Select a cork 
which fits the neck of the condenser tube 
and bore a hole in it which will accommodate 
the side (delivery) tube of the flask. Pass 
the delivery tube right through the cork as shown in the diagram 
(Fig. 20). In this way the distillate cannot come into contact 
with the cork. 

Put some glass beads in the flask to avoid “ bumping.” Now 
pour some of the given liquid into the flask, taking care to hold the 
flask slantwise so that the side tube points upwards. This pre- 
vents any of the liquid from running down the side tube. 

Fit up the apparatus shown (Fig, 20). Note that cold water 
from the tap enters the lower end of the condenser. Light the 
burner and heat the flask until the temperature indicated by the 
thermometer is constant. This temperature is “ boiling point.” 

16 
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You are to heat your flask on wire-gauze or on a sand-bath^ but 
this is not absolutely necessary. 

The demonstrator will show you the distillation of a liquid that 
boils at nearly 200° C. The flask will be heated by a naked 
luminous flame. 

The liquid which collects in the receiver is called the “ distillate.’’ 

Write an account of what you have done and draw a diagram 
of your apparatus. 

If the liquid has a low boiling point (say) below 80° C._, a water- 
bath is used. 



If the distillate is inflammable the end of the condenser should 
be passed through a cork fitted in the neck of a distillation flask. 
The side tube of this distillation flask should be fitted with a 
long piece of rubber tubing and the free end of the rubber tubing 
should be put down a sink-hole or in a draught (fume) closet. 

Expt. 13.— (i) To make a capillary tube, (ii) To determine 
the melting point of a given solid.— Make a capillary tube as ex- 
plained fully in Demonstration 2, Expt. 8, page 10. 

To fill the tube : Melt a little of the substance in a small porce- 
lain capsule. Then lay the capillary tube so that it is practically 
horizontal and dips in the liquid (Fig. 21). The molten substance 

DunnidlflTs Pract. Chem. C 
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will flow up the tube. If the substance solidifies before sufficient 
has entered the tube, melt what is already in the tube by holding 

it near the Bunsen flame and let it run 
out. Now warm the tube before allow- 
ing the molten substance to run into it. 

Melted substance Seal off thc end of the capillary tube 

in holding one end in thc hot region at 

thc base of thc Bunsen flame, as shown 
in Fig. 22 Fasten the capillary to the thermometer by a rubber 
band. (To make a rubber band cut a piece one-eighth inih 
long off an ordinary piece of narrow bore rubber tubing.) 

The ring should be so arranged that it is aho 7 W the surface of thc 
liquid which is being used to heat thc substance (Fig 23). Use 
a suitable bath depending upon the melting point of the substance. 
Water, glycerine and sulphuric acid baths are most usual. 

Fit the thermometer into a cork along the side of which is 




cut a V-shaped groove, and fit this cork into the neck of a long- 
necked bolt-head flask. 

A 100 c.c. distillation fla.sk suits admirably. Fasten the flask 
in a stand by a padded clamp and heat slowly with a small flamo 
(Fig. 24). Notice thc temperature when the substance in the 
capillary tube ceases to be opaque. Write down the temperature 
in your note-book^ not on a loose scrap of paper. 

Remove the burner and notice when the opac ity in the ca]iillar}^ 
tube reappears. 
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Observe the temperature and write it down in your note-hooky 
not on a loose scrap of paper. 

The readings should be about the same. If they are not exactly 
or nearly the same it is not the fault of the substance ; you have 
probably made some mistake. Make a new clean capillary and try 
again. 

Pure substances have sharp melting points. You are given a pure 
substance. 

N.B . — If there is a slight and constant difference in the two 
readings it is probable that the first reading (melting point) is 
more exact because it is more easy for a liquid to be supercooled 
and therefore its solidification to be suspended than for a solid to 
be superheated and have its melting point delayed. 


DEMONSTRATIONS 

(Draw diagrams of the apparatus in your note-books.) 

(1) Distillation under rcdiu'cd pressure. The action of a suction 
pump will be demonstrated and explained. 

(2) Reflux condenser. 

(3) Air condenser for heavy boiling point substances. 

(4) Distillation in steam. 

(5) Dry distillation (vide also Demonstration 15, Carbon 


c 2 
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Rules to be observed when using: Chemical Balances 

1. See that the adjustment of the balance is correct before you 
start weighing. 

If the balance is out of order report the matter to the demon- 
strator, who will have it attended to. 

2. Never put chemicals directly on the pan of the balance* 
Chemicals should be weighed on a watch-glass or in a weighing 
bottle. 

Do not put anything on to or remove anything from the pans 
of the balance while the balance is swinging. 

4. Raise or lower the beam by turning the handle for the purpose 
with the left hand. 

5. Weights must never be touched with the fingers. Forceps 
are provided for the purpose. 

There are only two proper places for the weights : (i) in their 
correct places in the weight-box ; (2) on the pan of the balance. 

6. The object to be weighed is always placed on the left-hand 
pan of the balance, the weights on the right-hand pan. 

7. Never weigh a hot vessel. 

8. If you lose a weight, or if any weights are missing from your 
box, report the matter at once to the demonstrator. 
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Use of the Pipette and Burette 


Expt. 14. — The pipette. — Draw a sketch of a pipette. Note 
the scratch on the stem. The instrument is filled by putting the 
drawn-off end into the liquid and 
sucking the other end till the liquid 
rises above the scratch. Remove the 
instrument from the mouth and quickly 
put the index (first) finger, previously 
moistened, over the hole, as shown in 

Fig- 25- 

By raising the finger slightly, liquid 
will drop from the pipette till the 
plane of the scratch when held at the 
level of the eye makes a tangent with 
the round portion of the meniscus 
(Fig. 26). To allow the pipette to 
deliver the liquid inside it place the 
open end in the vessel which is to 
receive the liquid, and lift the finger 
from the mouth-piece of the pipette. 

Allow the liquid to 
flow slowly from the 
pipette. After the 

Men!scus-^\^^^\ liquid has ceased to flow from the pipette 
touch the surface of the liquid with the tip of 
the pipette. You will notice that there is a drop 
of liquid left in the instrument ; do not blow that 
drop out. The pipette is made to deliver the 
Fig. 26. volume of liquid engraved on its bulb. 
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Fill and empty a pipette several times to get used to manipu- 
lating it. 

Expt. 15. — The burette. — Draw a sketch of the burette supplied 
to you. Note whether it has (i) a glass tap, (2) a rubber and 
glass tap regulated by a metal pinch cock, or (3) a “ bead ” 
tap. 

The bead tap is a very cheap and efficient fprm of tap. It is 
made as follows : 

Draw off a glass jet, as described in Demonstration 2 , round the 



edges and connect it to the end of a burette tube by a rubber 
connection. Procure a glass rod which is just a tight fit for the 
rubber tube, and cut off a piece about three-tenths inch long. 

Round off the edges. It will now look like this Wet it and 

slip it into the rubber tube till it is half-way along the length of 
the rubber tube. Now slip the free end on to open end of the 
burette. Fig. 27(a) represents a sectional diagram of the tap. 

To use the tap : Pinch the rubber connecting tube where the 
bead is and pinch a little on the far side of the centre. The rubber 
will bulge and the liquid slips past the bulge. With a little 
practice perfect control can be obtained (Fig. 27(c)). 
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Note the following points in using these instruments : 

1. Before using the burette or pipette always wash them with 
the liquid for which they have to be used. 

2 . Put the burette in a stand. Clamp it firmly but not so 
tightly as to break the glass. See that it is vertical and not so 
high that you are unable to place your eye at the same level as any 
gradation on the burette to which you are likely to want to fill 
the burette. 

3. There is absolutely no need to fill the burette to the zero 
mark. All volumes may be estimated liy difference. 

4. Jhit a funnel in the mouth of the burette and pour the liquid 
in ('arefully. Remove the funnel before using the burette. 

5. If the outside of the burette becomes wetted see that it is 
dried. 

6. See that your tap (i) does not leak, (2) contains no air-bubbles. 
The two kinds of flexible tap can most easily be cleared from 

air-bubbles by turning the tap upwards and opening it quickly. 
The air is then driven out by the flow of liquid. 

Expt. i6.--Find the volume of the gas in the given cylinder. — 

You arc given a small gas cylinder partly filled with gas and partly 
with water, and standing inverted in a small “ gas tray con- 
taining water (Fig 28). Take a gummed label and stick it to 
the outside of the glass so that one edge is at same height as 


Gas - 


Water- 


— r 

m 



Partially filled 
gas cylinder 


cGas tiaif 
I containing 


Fio. 28. 


the height of the liquid. Now take the cylinder out of the gas 
tray. Fill up the cylinder with water with a pipette, taking 
careful note of how many times you empty the pipette into the 
cylinder. You will probably overrun the label ; if so, carefully 
withdraw one pipetteful of the liquid from the cylinder, and add 
water to the cylinder up to the mark from the burette. 
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Repeat the measurement several times. 
Tabulate your results. 


Read- 

ing 

No 

Capac- 
ity of 

pip- 

ette 

No of 
times 

full 

pipette 
was run 
into 

cylinder 

Readings on burette to 
make up difference 

Capacity. 




at be- 
ginning 

at end 

volume 


I 

50 c c 

; I 

5 

21 c c 

7'4cc 

5 3 c c 

250 1-5 3-255-3 cc. 

2 

50 c c 1 

: 5 

7*4 c c 

1 2*8 c c 

5*1 c c 

25o f 5-4 = 255-4 cc 

3 

30 c c ; 

1 

8 

12*8 c.c. 

28 0 c c 

15 2CC 

2(0 |-I5-2---=255’2C c. 


Average =255 *3 c.c. 

Required volume of gas was 255'3 c.c. Ans. 


Expt. 17.— To find the diameter of a single shot. — Take a test- 
tube on a stand and mark a definite height upon it by sticking a 
label on the outside of it. 

Find the volume (x c.c.) of the tube up to the height of the label 
by the method described above (Expt. 16). Now put some shot 
into the tube to any height which is distinctly below the height 
of the label. Run in water again and find out how much has 
now to be added to fill the tube up to the label (y c.c.). 

Describe exactly all that you do. Tabulate your results thus : — 


Volume of tube taken 

Volume of water re(|uired to fill the tube up to 
mark after inserting shot 
.’.Volume of the shot 

Count the shot put into the tube. Number of 
shot used 

.‘.Volume of a single shot 


:x; c.c. 

y c.c. 
(x - y) c.c. 
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The volume of a sphere is "7rr^. 

22 , , ^ ^ , diameter 

Where tt-—-- and r— the radius of the sphere and ^ ' 

■ 1 1 r t 1 4 /diameter^ 

Required volume of a single shot = “7r^ j . 

4 (diameter)^ oc-y 

l.e. ~TT o ~ 

38 

(6 . {x “ y)Y 


Diameter 




Arts. 


These results should be obtained with the help of the four- 
figure Logarithm tables at the end of the book (pages 272 and 273). 
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General Hints 

1. Always replace a bottle in its proper place immediately 
after use. 

2. Replace stoppers in bottles to which they belong. Tf you 
have flat-stoppered bottles take the stopper from the bottle with 
the back of the first and second fingers and hold the bottle with 
the same hand. See Fig. 29. 

When you replace the bottle on the shelf it 
will come naturally to you to replace the 
stopper at once. 

3. Kce]) your bench clean and tjdy. 

4. Enter your observ'ations, weighings^ etc., 
in your note-book immediately you make 
them. NevxT use scrap paper ” or trust to 
memory. 

5. Remov'e solids fiom bottles by means of a 
small, clean spatula. Do not use the same 
spatula for two different substances without 
cleaning the spatula. 

6. Write ‘your results in tabular form 
where possible. Draw diagrams to illustrate your reports on 
experiments. 

7. Do not remov^e from the demonstration table apparatus or 
reagents supplied for the use of the whole class. Take sufficient 
material for your purpose and perform your experiments at your 
bench. 

Report all breakages at once. 

Use small (luantities. 




DEMONSTRATION 5 

Study of Physical and Chemical Properties 

Write down each observation at once. 

Expt. i 8 . — Physical properties of substances. Action of heat on 
given substances. — Describe the given sulistanccs as minutely as 
you can. 

Note any peculiarities in shape. 

Describe fully what happens when each is heated. 

Is any gas or vapour evolve^l ? 

Docs anything condense on the upper part of the tube ? 

What is the residue like ? 

Expt. 19. — Deliquescence. — Expose some of the given substance 
A to tlie atmosphere and observe all that happens. Notice that 
it gets moist and finally becomes liquid. 

The substance has dissolved in the water which it has taken out 
of the atmosphere. 

The substance A is said to be “ deliquescent.” 

Expt. 20. — Crystallisation.—Put some zinc in dilute sulphuric 
acid. Set aside until the action ceases. Filter, evaporate down 
and set aside. Notice that a solid separates in small pieces, each 
possessing a definite geometrical shape. These small pieces are 
called crystals,” and the process is called “ crystallisation.” 

When a substance owes its geometrical shape (t.e. its crystalline 
form) to the presence of one or more molecules of water, this water 
is called “ water of crystallisation.” Sometimes the water of 
crystallisation gives a definite colour to the substance. 

27 
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Expt. 21. — Water of crystallisation (a). — Examine B. Notice 
that it is blue and crystalline. Take a little in a test-tube and 
heat it. Drops of liquid (water) condense on the upper part of 
the tube. On heating it loses “ water of crystallisation and 
falls to a powder. The powder is white. Allow the tube to cool. 
Now pour a few drops of water on the powder. It recovers its 
blue colour because the “ anhydrous ’’ salt combines with water 
to form once more the crystalline body (copper sulphate crystals). 

(b). — Heat some of the pink substance, C. It turns blue. Drop 
water on the blue substance. It recovers its pink colour (crystals 
of cobalt chloride). 

Expt. 22. — Efflorescence. — Expose some of the substance D to 
the atmosphere. Notice that it loses its geometrical shape and 
falls to a powder. This is due to the crystals losing water. The 
substance D is said to be “ efflorescent.’’ 

Expt. 23. — Intumescence. — Heat ^ (i) in a test-tube, (2) on a 
wire. Notice how it swells up, water, etc., are given off. This 
process of swelling up on heating is 'called “ intumescence.” 

Expt. 24. — All crystalline substances do not contain water.— 

Heat F and observe that the substance melts but that no water 
is given off. (Cf. also substance //.) 

Expt. 25. — Decrepitation. — Heat 6* in a test-tube. Notice the 
sharp crackling noises which are emitted. This is called 

decrepitation.” 

Expt. 26. — Sublimation. — Heat some of the crystals of JY in a 
test-tube. Observe that the substance does not melt, but that it is 
converted into vapour and that the vapour condenses on the upper 
part of the tube as a white solid. When a solid is converted into 
the condition of vapour without passing through the liquid state 
it is said to “sublime.” The process is called “sublimation.” 
Test the vapour with red and blue litmus papers. The gas will 
appear to be first alkaline and then acid. Two gases are present, 
one, the alkaline gas, is less “ dense ” (heavy) than the other 
(the acid one), so it passes up the tube more quickly. 



STUDY OF PHYSICAL AND CHEMICAL PROPERTIES 29 


Expt. 2 7. —Gaseous dilfusion. — The process by which gases 
spread themselves through other gases is called '' gaseous diffusion.” 
A very heavy gas will “ diffuse into ” or mix with a lighter gas. 

The cylinder K contains a very heavy gas — it is brown in colour^ 
so you can see it. The cylinder L contains air. The brown 
gas is about 5} times as heavy as air. Invert the cylinder of air 
over the cylinder of brown gas. Let them stand in a safe place so 
that they will not get knocked over. After a short time you will 
find that the two cylinders look equally brown, showing that the 
heavy gas has diffused upwards and mixed with the air. 

Expr. 28. — Adsorption.— Take one of these two cylinders con- 
taining brown gas and in it put a piece of ordinary wood charcoal. 
Slip on a cover-glass and let the cylinder stand. In a few minutes 
the colour will disappear from the cylinder. The charcoal has 
condensed the brown gas over its surface and in its pores. This 
process is called adsorption.” This process is a physical and 
not a chemical one. If you heat the charcoal in a test-tube it will 
again part with the brown gas. 

F^xpt. 29. — Description of elements. — You arc given specimens 
of various elements. Describe their appearance and physical 
properties. 

Heat each of them in contact with air and write down all you 
observ^e. 

Take careful note of the two elements which are liquids at 


ordinary temperatures. 

One is a metal mercury. 

One is a non-metal bromine. 


Notes to Demonstrators 

Expt. 18. — Any substances, crystalline or amorphous, may be 
given. Substances of which the large crystals arc easily obtained 
are common salt (rock salt), alum, and copper sulphate. 

Expt. 19. — Iniscd calcium chloride or caustic soda. 

Expt. 2ia. — B is CuS04,5H.,0. 

Expt. 2ib. — C is CoC1.2,6H20. 
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Expt. 22. — D. Crystals of washing soda (Na2C03,ioH.^0) or 
Glauber’s salt. 

Expt. 2^. — E. Microcosmic salt, Na(NII^)IIP0^,4lG0, or Borax, 
Na2B,0.,ioHp. 

Expt. 24, — F. Sulphur crystals, rock salt (does not melt). 

Expt. 25. — G. T.ead nitrate, P{)(N03),, rock salt (NaCl), Potass- 
ium chlorate (KCIOJ. 

Expt. 26. — H. Ammonium chloride, (NII^)Cl. 

Expts. 27 and 28. — The brown gas is dilute bromine vapour. 

Expt. 28.— d'hc charcoal should be well-burnt wood charcoal 
which has been roasted out of air contact shortly before the experi- 
ment. Keep in a desiccator and hand to students when they ask 
for It. If this precaution is not taken the experiment may not be 
successful as the charcoal on heating, after adsorbing the gas, may 
give very little or no brown g^s but plenty of water vapour. 



DEMONSTRATION 6 
Separation of Mixtures 

There arc many ways in whic'h the constituents of mixtures 
may be separated. Of the methods given below all may be used 
for (juantitative determinations, but you arc only required to do 
one (as directed by the demonstrator) quantitatively. The others 
are to be studied so that you become ac(]uaintcd with the methods. 

Start the (juantitative w'ork at once, and while you are w'aiting 
for the various processes of filtration, drying, etc., to become com- 
plete, perform the other experiments Leave a space to finish the 
description of Expt. 31, and write up the account of each of the 
other experiments as you perform them. 

Expt. 30. — Estimate the percentage of soluble and insoluble 
substance in the mixture A. — One substance is soluble in water 
and the other is insoluble m water. Neither substance is decom- 
posed by heat. 

Clean and thoroughly dry the small beaker provided. Take it 
to the balance-room. See that your balance is correctly adjusted 
and swings properly. See that your weights are in order. Set 
the balance at ‘‘ rest ” Put the clean dry beaker on the left hand 
pan of the balance. Put a wx'ight on the right hand pan by means 
of the fon'cps. Turn the handle so that the balance can swing. 
Add or remove weights till the pans of the balance swing evenly 
as indicated by the pointer, but always bring the balance to the 
position of “ rest ” before adding or removing anything. Weigh 
to the second place of decimals. Always replace a weight in its 
own proper place in the box if it is not being used on the pan of 
the balance. 
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Now write in your book : 

Weight of the empty beaker = grams^ 

and (i) Count the weights on your pan. 

(2) Count the value of the Spaces in your weight-box. 

(3) Count the weights back into the box direct from the 

balance pan. 

Each number may be entered on the left hand page of the 
practical note-book (i, 2 and 3 should be identical). Enter the 
weight of the beaker in your note-book. Now remove the beaker 
from the pan of the balance and put m it about 5 grams of the 
mixture A and weigh again. The difference between the first and 
the second weighings will give you the weight of the mixture A 
taken. 

Now pour some distilled water on the mixture in the beaker, 
stir it up with a glass rod and then let it stand. 

Weigh a filter paper. 

Fold the filter paper carefully (i) into halves and then (2) into 
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halves again so that it is in the form of four superimposed quad- 
rants. Now open out one side so that the filter paper forms a 
cone. 

Fit the cone in a glass funnel so that the edge of the filter paper 
is about half an inch below the glass edge of the funnel. Never 
let the filter paper comt up to or project over the edge of the funnel. 
Pour some distilled water in the funnel. The water should pass 
through the paper and completely fill the tube of the funnel. No 
bubbles should be sucked between the paper and the glass, nor should 
any bubble be seen in the tube of the funnel. If these precautions 
are observed filtration will be much more rapid than if the paper is 
folded and fitted in a careless manner. Having fitted the paper 
correctly, put the funnel in a stand and a weighed evaporating- 
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basin underneath it. Take the glass stirring rod and put it verti- 
cally against the lip of the beaker and pour the liquid into the 
filter. The liquid will be found to run against the glass rod. All 
“ dribbling down the edge of the beaker is prevented. Never 
pour liquid into the paper to a greater height than J inch short 
of the edge of the paper. 

When all the liquid has been poured off the residue, add some 
more water, stir, and pour through the filter paper. Repeat this. 
This is called ivashing by “ decantationT Finally, pour the in- 
soluble residue into the filter paper. It will be found hard to wash 



I' If', 31 — ij. Height of filtei pajiei Fig 32 

edge .x^ M.axrmum height of 
liquid 111 the paper during filtiation. 


out the last portions of the solid. It may be done efficiently in 
this way. Hold the beaker and the rod in the left hand as shown 
in Fig. 32 and hold the wash-bottle in the right hand, manipulating 
the flexible jet with the index finger. 

When all the residue has been transferred to the filter paper see 
that the washings are free from salt by evaporating two or three 
drops on a small watch-glass held by the bare fingers a good distance 
above a clear Bunsen flame. Your fingers will tell you when the 
heat is likely to crack the glass. If the watch-glass is clean when 
dry, the sand has been washed free from salt. 

When thoroughly washed, put^ the funnel in a filter dryer set 
in a sand-bath and gently heated by a Bunsen burner (Fig. 33 A). 
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See that the holes at the base of the cone are not choked with sand. 
Cover the funnel mouth with a piece of paper and leave till dry. 
Remove from the funnel and weigh. 

Evaporate the collected washings in the weighed evaporating 
basin as shown in Fig. 33 B. 

Direct evaporation on the sand-bath is difficult. The liquid 

eape*' to keep dust out 

Funnel containing filter ^ 


Do not let thess holes j 
be closed with sand ^ / 


— Metal drying cone 
or "Filter dryer” 



— Bunsen burner 



usually spurts. When the evaporating basin is dry, let it cool and 
then weigh it. 

Repeat weighing after heating till constant. 

Write an account of all you do and enter your results thus : 
Weight of the empty beaker ^ x grams. 

Weight of the beaker and mixture -= y „ 

.'.Weight of the mixture taken ^ (y - „ 

Weight of the filter paper a „ 

Weight of the filter paper + insoluble substance - h ,, 

.‘.Weight of the insoluble substance =- (Z> - d) ,, 

Now {y - x) grams of mixture contain {b - a) grams of insoluble 
substance. 

.'.I gram of mixture contains grams of insoluble 

substance. 

100 grams of mixture contain x 100 grams of insoluble 

substance. 

Required percentage of Insoluble substance is . %. Ans. 
Also weight of evaporating basin = * c grams. 

Weight of evaporating basin -f soluble substance = d ,, 

Weight of the soluble substance = 

t.e.j the percentage of soluble substance ==~ — ~ x 100 , , . 
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If the percentages of insoluble and soluble substances add up to 
100 there has been no loss or gain in the course of your experiment. 

In addition to stating percentages of soluble and insoluble 
substances write down also the loss or gain per cent, obtained 
as a result of your analysis. Thus : 

RennircH rpsnlt of soluble substance = % 

Keqiurta result I insoluble substance = % 

Error = % (gain 

or loss). 


Expt. 31. — Both substances are soluble in water, but one is volatile 
and the other is fixed. , 

The two bodies maybe separated by sublimation, but the volatile 
body will be lost. 

Heat some of in a small crucible or capsule? Use the fume- 
closet. 


Expt. 32, — Both substances are insoluble in water ; one is 
soluble in dilute acids, the other is insoluble in dilute acids. 

Digest C with dilute acid and, when the action has ceased, filter. 
Wash the residue very carefully and test the washings for acidity 
(litmus). If acids arc used, especially sulphuric acid, it is most 
important to wash the filter paper quite free from acid, because if, 
in. making a quantitative determination by this method, acid is 
left on the paper, the paper is corroded when it is dried. In case of 
sulphuric acid the paper is charred and the experiment spoiled. 

Expt. 33. — To separate the constituents of gunpowder. -Taking 
advantage of the facts that — 

(1) Carbon and sulphur are insoluble in water but nitre is soluble 
in water, 

(2) Sulphur is soluble in carbon disulphide and carbon is 
insoluble in carbon disulphide. 

You may separate the constituents of gunpowder, which is a 
mixture of nitre, carbon, and sulphur. 

(1) Shake up the gunpowder with water. Filter. The residue 
is a mixture of carbon and sulphur. (If you wish to dry the mixture 
of carbon and sulphur do not use the drying cone — put the funnel 
in the steam oven. Write your name on the paper with which 
you cover the funnel.) 


D 2 
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(ii) Extract the dry mixture of carbon and sulphur with carbon 
disulphide — keep the carbon disulphide away from flames. Filter. 
The residue is carbon. Wash with carbon disulphide. The 
sulphur may be recovered quantitatively by evaporation in air 
in a fume-closet. (Keep away from flames.) 

Expt. 34.— One constituent is combustible— the other is in- 
combustible and non-volatile. Heat the mixture in air (use 
the blow-pipe if necessary). The combustible substance will burn 
away ; the incombustible substance will be left behind. 


DEMONSTRATIONS 

1. Separation of gases by taking advantage of their different 
rates of diffusion. 

This is called Atmolysis.’^ 

2. Separation of two substances in solution by taking advantage 
of the fact that one substance will pass through a certain membrane 
and the other substance will not *pass through that membrane. 
Such a membrane is called a “ semi-permeable ” membrane. 

The process of separation is called “ Dialysis.’’ The substance 
which passes through the membrane is called a “ crystalloid ” ; 
the one which will not pass through the membrane is called* a 
“ colloid.” 

3. Centrifugalisation takes advantage of the different densities 
of substances in suspension in a liquid medium. 


Notes to Demonstrators 

It may be felt that there is too much work in this exercise for 
one day. The methods and processes are very important, 
and time would be well spent in devoting two demonstrations to 
this work, using, say, Expt. 30 as the quantitative exercise in the 
first lot of work, and Expt. 32 as the quantitative exercise in the 
second day’s work. The rest of the demonstrations and exercises 
should be spread over two days. 

For Expt. 30. Ay use (i) common salt and sand, (ii) glass dust 
and common salt, etc. 
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Expt. 31. B, use ammonium chloride and common salt. 

Expt. 32. Cj use zinc powder and barium sulphate. 

(Zinc dust with dilute sulphuric or hydrochloric acids give 
anomalous results. Dilute aqua regia as solvent gives the best 
results.) 

C. Powdered marble and powdered glass (use dilute hydro- 
chloric acid). 

C. Magnesium powder and copper powder. (Use dilute hydro- 
chloric or sulphuric acid.) 

Expt. 33. D is gunpowder. Issue personally in small quantities, 
as required. You may substitute common salt for nitre and the 
experiment is still valuable but not dangerous. 

Expt. 34. E, Mixture of silica and carbon. 

Demonstration 1. Show the separation of the constituents of 
ammonium chloride vapour through a clay tube. 

Demonstratio 7 i 2. Dialysis of ferric hydroxide, or colloidal 
arsenious sulphide (add an aqueous solution of lIjS to an aqueous 
solution of As^O.^ ; add no acid). 

Demonstration 3, Use blood. 
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Expt. 35 . — A is a mixture of two substances one of which is 
not decomposed by heat and is not volatile, and the other is 
decomposed by heat according to the equation 2KC103=2KCl + 302, 
leaving a non-volatile residue. Find the percentage of the 
decomposable body present. 

Method. — Wash the small porcelain crucible. Put it on the 
pipe-clay triangle and heat it. Allow it to cool till you can just 
bear your hand very near (but not touching) it, and then transfer to 
a desiccator (Fig. 34) by mean's of the iron tongs. When quite cool 



Fig 34. Fig. 35. 

weigh it. Never touch the crucible with your fingers ; always 
use the tongs. Now put about 1-5 grams of A in the crucible 
and weigh again. Enter the weights directly into your note-hook. 
Do not use scrap paper. Put the crucible back in the desiccator 
by means of the tongs, and carry it back to your bench. Remove 

38 
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the crucible from the desiccator (using the tongs) and put it slant- 
wise on the pipe-clay triangle. 

Hold the Bunsen burner in your hand and heat very gently at 
first from the outside edge (see Fig. 35). When the action at that 
point is finished heat a new portion. Do not put the burner full on 
under the crucible and leave it. The mass will spurt and your 
experiment will be ruined. Taking proper care, excellent results 
will be obtained. 

When all the action appears to have ceased, heat the crucible 
for a short time on the foot blow-pipe. If soot has deposited on the 
crucible burn it off with a fine blow-pipe flame. Do not wipe ti 
off. Let the crucible cool till you can just bear your hand very 
near (but not touching) the crucible. Transfer to the desiccator 
(use the tongs). Allow it to finish cooling. When quite cool, 
weigh it. 

Repeat heating, cooling and weighing till weight is constant. 

Write an account of exactly what you do and enter your result 
thus : — 

Loss of weight is due to the loss of oxygen according to the 
equation 

2KCIO3-2KCI + 3O2 

2(39 + 3S'5 + 48)=2(39 + 35‘5) + (3 X 16 X 2) 
i.e. 245 grams of potassium chlorate would lose 96 grams in weight 
on heating, because that is the amount of oxygen which can be 
driven off from 2^5 grams of potassium chlorate. 


Data : — 


Weight of cruciifle 

Weight of crucible and A 

Weight of A taken 

Weight of crucible and residue 

Weight of crucible and substance A 

Loss in weight— Oxygen driven off 

Now 96 grams of oxygen represent 245 


== grams. 

* y 

= (y-x) „ 

= 0 ,, 

= y „ 

= (y-^) „ 

grams of KCIO^. 


/. I gram of oxygen represents grams of KCIO3. 

24*^ X (y z) 

and (y - 2) grams of oxygen represent — 

KClOg. 

This is the amount of KCIO3 in (y - x) grams of A, 


grams of 
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245 

Weight of KCIO3 in (y — x) grams of ^ ^(y - z) grams. 

24 c V - Z 

Weight of KCIO3 in i gram of ^ 

245 y - z 

.*. Weight of KCIO3 in 100 grams of A = ^ 

= ff 

Required percentage of decomposable body in the mixture 
A IS ... %. Ans. 


Notes to Demonstrators 

Use KClO^ + FeP^ or KCIO3 + glass dust. 

Any suitable mixture may be given, due regard being paid to 
the fact that (i) the result must be quantitative and correctly 
represented l)y a chemical equation, (2) there should be no inter- 
action between the two substances used. 



DEMONSTRATION 8 
Preparation and Properties of Oxygen 

Expt. 36 —Preparation of oxygen. — Set up the apparatus shown 
in the diagram (Fig. 36) and make a sketch of it in your note-book. 
Write an account of all you do. 

Into the test-tube put some of the given mixture of potassium 
chlorate and manganese dioxide. 

(See Expt. 94, page 98.) Shake the 
tube until the mixture lies along 
the tube as shown in the figure, 
but be careful not to let it come 
into contact with the cork. 

Use small collecting jars. 

Note that the tube is tilted 
with its mouth slightly down- 
wards. Heat the substance at 
the end of the tube near the 
cork first and gradually work backwards towards the round 
end. 

In the following experiments use small quantities. 

Observe the properties of the gas. 

Write out the results, etc., in the form of a table arranged in 
three columns. 



Experiment 

Write in this column 
all that you do 


Observation. 

Write in this column 
all that you observe 
witfeyyour senses. 


Inference 

Write in this col- 
umn the conclu- 
sion you draw 
from the observa- 
tions made. 


41 
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In the present case. 

Experiment, Observation 

I examined the gas. It is colourless 
I breathed the gas. It has no taste. 

It has no odour 

I shook the gas up No change, 
with some blue lit- 
mus solution. 

I shook the gas up No change, 
with some red lit- 
mus solution. 

And so on. 

Expt. 37. — Properties of oxygen. — (a) The gas is colourless. 

(b) The gas is tasteless. 

(^:) The gas is odourless. 

(d) Shake up some blue and red litmus solution with the 
gas. What happens ? Wliat conclusions do you draw from what 
you see ? 

{e) Shake up the gas with lime-water. What happens ? 

(/) It is slightly soluble in water. 

(^) Put a glowing piece of wood into the gas. Does the gas 
burn ? Does it support combustion ? 

Expt. 38, — Combustion o'f carbon. — By means of a deflagrating 
spoon put some glowing carbon into the gas. After any action 
has ceased shake some lime-water up in the 
cylinder (Fig. 37). 

Expt. 39. — Combustion of sulphur. — Heat 
some sulphur in a deflagrating spoon. 
When just burning with a lambent flame, 
thrust the deflagrating spoon into the cylinder. 
Describe the physical properties of the sub- 
stance formed. 

Expt. 40. — Combustion of iron, — Put a 
little sand on the bottom of one of the 
cylinders of the gas. Fasten some iron wire 
to the deflagrating spoon. Make the wire 
red hot and plunge quickly into the cylinder. 
The wire burns. 

In experiments 38, 39, 40 we have illus- 
trations of the combustion of element 



Inference. 


The gas is not an 
“ acid.” 

The gas is not 
alkaline m re- 
action. 
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oxygen with other elements. Compounds so formed are called 
oxides. In Expt. 38 carbon dioxide, in Expt. 39 sulphur dioxide, 
and in Expt. 40 iron oxide were formed. The process is called 
‘‘ oxidation.’^ 

Compounds which are composed of two elements only are called 
“ binary ” compounds. The names of such compounds usually 
end in “ ideT 

In the above cases (Experiments 38, 39, 40) compounds of carbon, 
sulphur and iron were formed by direct combustion. When a 
compound is formed by the direct union of its component elements 
it is said to be synthesised.^^ The process is called synthesis. 

Test for oxygen. — It is colourless, tasteless, odourless gas which 
supports combustion (compare nitrous oxide, page 109). 

Expt. 41. — (a) Heat some crystals of potassium permanganate 
atone. Show that oxygen is given off. The potassium perman- 
ganate has undergone chemical change. Before the experiment 
the permanganate gave a purple solution in water. After heating, 
the residue gives a green solution in water and also a black substance 
insoluble in water. 

())) Heat potassium chlorate alone. Describe carefully all that 
happens. Is oxygen given off ? 

(^) Heat some of the yellow substance with strong sulphuric 
acid. Describe all that happens. Is oxygen given off ? 


DEMONSTRATIONS 

(i) Oxygen is absorbed by a solution of pyrogallic acid in caustic 
soda. 

(ii) Preparation of ozone by passing a silent electric discharge 
through air. The yield is improved by keeping the air cool. Draw 
a sketch of your apparatus in your note-book. 

The action of ozone on potassium iodide will be shown. 

Notice the peculiar smell of ozone. 

Ozone is completely converted into oxygen by heating. 


Note to Demonstrators 

Expt. 41 (r). The yellow substance is potassium bichromate. 
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Preparation and Properties of Hydrogen 

Expt. 42.— Preparation of hydrogen.— Write an account of all 
you do. Draw a diagram of the apparatus used (Fig. 38). 

Fit up the apparatus as shown in the above figure. Be sure 
that all tubes are rounded off before pushing them through the 
corks or into the rubber tubing. 

Make certain that the apparatus is air-tight by pouring water 

over the corks and then, 
having closed the thistle 
funnel by the palm of 
the hand, blow through 
the delivery tube B. If 
no bubbles come from 
the corks, etc., the 
apparatus is air-tight. 
NEVER PATCH DEFEC- 
TIVE WORK WITH WAX. Take out the faulty piece and remake 
it. 

Put some zinc in the Woulfe\s bottle and pour a little water on it. 
There should be sufficient to seal the end of the thistle funnel. 
Add to it some dilute hydrochloric acid (one part of concentrated 
acid to four parts of water). If no action takes place add a few drops 
of copper sulphate solution through the thistle funnel. Chemical 
action will now commence and hydrogen gas will be given off. 
Notice that the liquid in the Woulfe’s bottle gets hot. This heat is 
evolved as a result of the chemical action which is taking place. 
Keep the delivery tube, and, in fact, the whole apparatus, away 
from a naked flame. 



Fig. 38. 
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Allow the action to proceed for two minutes, then collect some 
of the gas in a test-tube over water. Apply a match to the 
mouth of the tube. If an explosion takes place the hydrogen 
is contaminated with air. Keep testing the gas until, 
on applying a match to the test-tube, the hydrogen burns 
quietly. 

Now collect several cylinders of gas. 

Apply a light to the delivery tube. The gas burns. 

Important Note. — If you wish to add more acid, first blow 
OUT THE FLAME at the jet. 

If you do not observe this precaution a dangerous explosion 
will take place. This is because, when adding the acid, some 
bubbles of air are dragged into the Woulle’s bottle and an explosive 
mixture is formed. 

Do not relight the jet without testing the gas again in a test-tube 
as described above. 

Expt. 43. — Observe the following properties. — Tabulate your 
results. (See page 42.) 

(a) The gas is colourless. 

(b) „ „ ,, tasteless. 

(c) „ ,, ,, odourless. 

(It is just possible that the 

sample of the gas prepared 
by you may have a faint 
smell. This is due to im- 
purities in the zinc. Pure 
hydrogen has no odour at 
all.) 

(d) Plunge a lighted taper 
in an inverted cylinder of 
the pure gas. The taper is 
extinguished, but the gas 
burns at the mouth of the cylinder. It is not a supporter 
of combustion, but it is combustible. Notice the steam on the 
walls of the cylinder. 

(e) Show that the gas is ligJiter than air by pouring the gas 
upwards. 





Fig, ^9. 
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Take a test-tube full of hydrogen and place its mouth under the 
mouth of an inverted test-tube full of air. 

Remove the upper test-tube and apply a lighted match to its 
mouth. An explosion will take place showing that hydrogen has 



flowed upwards and mixed with the air in the upper tube. Hydrogen 
can be collected by upward displacement of air. (Fig, 40.) 

(f) The gas is not appreciably soluble in water. 

Expt. 44A. — Hydrogen is a reducing agent. — You are given a 
small tube containing copper oxide — i,e. the compound of the 
metal, copper, with the gas, oxygen. The substance is a black 
powder. Connect this tube to the delivery tube from your 
Woulfe’s bottle. As soon as pure hydrogen is passing through the 
whole apparatus (test as before) apply heat to the tube containing 
copper oxide. Notice the change that takes place. A reddish 
residue remains in place of black powder. It is metallic copper. 
At the end of the tube remote from the generator will be seen 
drops of liquid. Put a little anhydrous copper sulphate on 
that liquid. The copper sulphate turns blue. The liquid is 
water. (See Expt. 21 (a) page 28.) 

In other words, hydrogen has robbed hot copper oxide of its 
oxygen and given us metallic copper and steam which, on cooling, 
condenses and becomes water. 

This process is called ‘‘ reduction.’^ 

The chemical change may be represented^ by an equation. 

CuO + H2 = Cu + H ,0 

Copper oxide Hydrogen Copp r Water 

(black powder) (gas) (red metal) (liquid) 
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If the substance to be reduced is dissolved in water it is not 
sufficient to bubble hydrogen gas through the solution. The 
substance will not be reduced unless the gas is generated in contact 
with the dissolved substance. The hydrogen is particularly active 
at the moment of its generation and is called “ nascent hydrogen.’^ 

Expt. 44B. — Reducing power of “nascent” hydrogen. — You 

are given a solution of a coloured substance. This liquid will 
turn colourless on reducing the dissolved substance. 

(a) Pass hydrogen through the coloured liquid. Observe that 
there is no change. 

(Z>) Add a piece of zinc to a little of the solution and then pour 
in about 20 c.c. of dilute sulphuric acid. A dilute solution of the 
coloured body will show you the bleaching action more quickly 
and effectively than a strong one. Lightly close the tube with the 
thumb and move the tube gently up and down so as thoroughly 
to mix the solution. In a few minutes the solution will become 
quite clear, showing that the hydrogen in the nascent state is 
more active than the gas. The bleaching in this case is due to 
the reduction of the colouring matter. 

In connection with experiments 44A and 44B, the attention of 
the student is directed to the fact that, although both experiments 
are designed to illustrate the reducing power of hydrogen, another 
lesson is to be learnt, f.c., the result that you will get depends upon 
whether or not you satisfy the conditions necessary for the reaction 
to proceed. 

This matter will be dealt with in detail in a later demonstration, 
but note that it is not enough for you to know that such and such 
reactions can take place. You must also know the conditions 
necessary for the reaction to proceed. 

Expt. 45. — Preparation of zinc sulphate crystals. — When the 
action in the bottle has ceased, filter off the solid residue and 
evaporate the solution in an evaporating basin until it is about 
one-third of the previous bulk. 

Remove the basin from the burner and cover it with a piece of 
paper on which you have written your name. Give it, when cool, 
to the laboratory assistant. He will set it aside for you and 
return it to you next time you come for practical work. 

You should find some white crystals in the basin. They will 
probably be acid in reaction. Filter them off and dissolve them in 
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a little water. Evaporate down and again allow the basin to 
stand. Crystals of zinc sulphate will be formed. Filter off. 
Dry on a porous plate or between filter papers. Show them to the 
demonstrator. Make a sketch of a good crystal. 


DEMONSTRATiaNS 

I. The demonstrator will explain to you the precautions necessary 
for collecting and working with hydrogen. 

2. Detonating gas. — A mixture of two vol- 
umes of hydrogen and one volume of oxygen 
is exploded. Carefully observe the precautions 
taken and note the tliickness of the bottle 
used for the experiment. 

3. The Chemical Harmonicon.—Hydrogen is 
generated in a flask provided with a long 
tube A (Fig. ^41). The gas is ignited at the 
end of the tube and then the tube is passed 
into a wide tube B. A musical note is emitted. 
The explanation is this : —The hydrogen does 
not burn steadily. A series of small explosions 
takes place. Each explosion sets up longi- 
tudinal waves in the tube. The vibrations are 
sufficiently rapid to produce a musical note. 
The larger the number of vibrations in a given 
interval of time the higher the pitch of the 
note emitted. The pitch of the note can be 
varied by altering the position of the burning 
jet in the tube B. 

4. Hydrogen gas is a conductor of heat. — 

The apparatus illustrated in F'ig. 42 is used to show this property 
of hydrogen gas. 

(a) Pass an electric current through the wire when the tube is 
full of air. The wire glows. 

(b) Pass an electric current of the same strength as in (a) through 
the wire when the tube is full of hydrogen. 
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The wire does not glow because the heat is taken away by the 
conductor of heat — hydrogen. 



A^.jB.~See that the tube is full of pure hydrogen, otherwise, 
when the current is passed, an explosion may occur. 

Note to Demonstrators. 

Expt. 44B. — The coloured liquid is very dilute potassium per- 
manganate solution. 


Dunnicliff’s Pract. Chem. 
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Expt. 46.— Determination of the volume of gas evolved in a 
given reaction. — Action of hydrochloric acid on a given metal. 

Take a 4-oz. bottle such as is used for solid cliemicals and fit it 
with a cork. Wrap the cork in paper and press it by rolling it on 
the floor under the sole of the foot. Select a piece of glass tubing 
and bore a hole in the cork to suit the size of the tube. Bend 
the tube as shown in the figure AB. The exact length of 
AB taken will vary with bottle used. Draw out the end B so 



that Its bore is about half the 
former diameter and then bend 
it vertically upwards. 

Pass the end A through the 
hole in the cork and draw it out 
and bend it at right angles so 
that the bend lies in a plane at 
right angles to the bend at B. 


Fit the cork in the bottle and see that the apparatus is air- 
tight. Select a small test-tube which will just go inside the small 
bottle. Weigh some of the given substance on a watch glass. Put 
the substance in the bottle and weigh the watch glass again. The 
difference in these two weighings gives the weight of the substance 


used. Now pour about 30 c.c. of water on the substance. Fill 


the small test-tube with hydrochloric acid and gently slip it into 
the bottle without allowing any of the acid to spill. Fit in the cork 
and again test to see that it is air-tight. Now place the apparatus 
so that the angle B is under a jar inverted in a trough of water 
(Fig. 44). Use a small gas cylinder. Let the apparatus stand for 
a minute or two, then, holding the bottle by its neck or by the 
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projecting portion of the cork^ tilt the bottle sideways, keeping B 
under the cylinder. The cylinder should be supported by a clamp, 
not by a beehive shelf, as the latter has a way of collecting a 
certain amount of gas in it, and it is difficult to recover the gas. 
The bottle should be tilted in such a manner that the bend at A 
points upwards, not doivnwards. 

Take care not to warm any parts of the apparatus containing gas 
by holding them in your hands. 

When all action has ceased close the cylinder by a shallow dish 
or glass plate and transfer it to a glass basin or cylinder holding it 
all the time by means 
of a clamp. If you 
have not got a clamp 
wide enough to hold the 
cylinder take several 
folds of tough paper 
and fold them into a 
strip. Put the strip 
round the cylinder and 
tightly pinch the free 
ends (Fig. 68, page 
217). 

Hold the cylinder so that the level of water inside it and 
outside is the same, and then stick a label on the outside of the 
cylinder at the level of the water. 

This procedure is adopted to avoid the necessity of applying a 
correction for the difference in the heights of water inside and out- 
side the cylinder. 

Remove the cylinder from the water and measure its volume 
up to the level of the label with the help of the burette and 
pipette as described in Demonstration No. 4, page 21. 

Since there is no hydrostatic pressure, the pressure of the gas 
inside the cylinder is made up of two factors (1) the pressure of the 
hydrogen, (2) the vapour pressure of the water at the temperature 
of the laboratory. These two together are equal to the barometric 
pressure at the place where experiment is being performed. 

7 .C., llarometric pressure = vapour pressure -[-gas pressure. 

Gas pressure™ barometric pressure— vapour pressure. 

E 2 
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Read off the barometric pressure from the barometer in the balance 
room. Note the temperature of the laboratory and find from 
Appendix II., page 271, what is the pressure of water vapour at 
that temperature. Write doivn all the data at the moment you observe 
them. 


Write out the data thus : — 


Weight of watch glass and metal 
Weight of watch glass and residue 
Weight of metal taken 
Volume of the gas observed 
Temperature of laboratory 
Pressure of aqueous vapour at C. 
Barometric pressure 
The gas pressure 


m grams. 

{m — tn) ,, 

- V. c.c. 

- r c. 

b mm. Hg 
“ B mm. Eig 
--= (B — ^)mm. Hg 


By Boyle’s law we know that the volume of a gas varies inversely 
as the pressure to which it is subjected. 

.’. If the gas occupies V c.c. at a pressure of (B—b) mm. Hg, 




c.c. 


its volume at normal pressure (760 mm. Ilg) will be I 

By Charles’ law a gas expands by of its volume; for every 
degree Centigrade its temperature is raised above 0° C. The 
temperature of the gas is C. 

27 T T . 

.*. The volume of the gas is ~ " times the volume it would 

b 273 


occupy at 0° C. 

.*. To find what its volume would be at C. the volume must be 


273 

multiplied by 

Applying both corrections we get 

Volume of gas at N.T.P. = ( F X X -jI+t) 

Weight of metal which gives this amount of gas is {jn—ni) grams. 
Volume of gas evolved by one gram of the metal is 

I / , B—b 273 \ 

/ '\ X 1 F X X - - c.c. = . . . c.c. Ans. 

(m—m) \ 760 273 -f 2/ 

1. Do not try to learn this formula by heart. If you understand 
how it is arrived at you can always work it out. 

2. If zinc is used, add a little copper salt to the concentrated 
hydrochloric acid before putting the acid in the test-tube. 



DEMONSTRATION 11 
Water 

Boiling point at 760 mm. mercury pressure — 100° C. 

Freezing point at 760 mm. mercury pressure =0° C. 

Water is colourless, tasteless, and odourless. 

Expt. 47. — Distilled water leaves no residue on evaporation. — 

Evaporate some distilled water (A) to dryness in a glass basin. 
Heat the glass basin by means of a water-bath. There is no residue, 

Expt. 48. — Tap water on evaporation leaves a residue.— Now 
evaporate some tap water to dryness in the same way. A 
whitish residue remains. 

Expt. 49. — Ordinary water contains dissolved gases.- -Take a 
500 c.c. flask and fit it with a tight cork. Bore a hole in the cork 
and fit into it a glass tube bent 
as in Fig. 45. The end should 
be flush with or slightly inside 
the cork (do not forget to round 
ofi the edges of the tube after 
cutting it). 

Put a few glass beads in the 
flask and then fill it and the 
delivery tube with tap or well 
water. The tube may be filled by putting B under water 
and sucking at A (Fig. 45). When the tube is filled with 
water close the end B with index finger and push the cork A 
into the neck of the flask, which has been previously filled to 
the brim with water. It will be found that it is quite easy to 
exclude all air. 
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Fit the flask into the retort-stand and dip the delivery tube 
under water in a pneumatic trough. Place a graduated cylinder 
over the mouth of the delivery tube and fasten it with a ring or 
padded clamp (Fig. 46). 

Heat the flask and continue heating until the water in the flask 



has boiled for three minutes. When no more bubbles collect, the 
cylinder should be moved away from the delivery tube and then 
the gas turned off. Water will rush back into the flask owing to 
the condensation of the steam in tlie flask. Find the exact volume 
of the flask up to the cork and calculate what volume of gas would 
have been evolved by heating 100 c.c. of the water. 

Expt. 50. — Water as a solvent. — Find out whether the given 
substances are soluble in water or not by shaking up each in turn 
^^ith distilled water. Filter the liquid and evaporate some to 
dryness in a clear glass basin on a water-bath. Note if there is 
any change in temperature when the given solids are shaken up 
with water. Sometimes the volume of the mixture of two sub- 
stances is not the same as the volumes of the unmixed substances. 

Take a known volume of alcohol. Mix it with an equal volume 
of water. Do you observe any change in volume ? If so calculate 
the percentage change. 

Expt. 51.— Show that the boiling point of water is raised by 
having a substance dissolved in it. — For this purpose use the solution 
supplied by the demonstrator. 

For this experiment find the boiling point of the liquid with the 
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thermometer in the liquid, not in the vapour. The vapour only 
consists of steam ^ and so would indicate the boiling point of the 
solvent water. We are trying to find the boiling point of the 
solution. 

Expt. 52. Examine the given samples of water. —Dirty water 
contains (r) suspended impurities (these may be separated by 
filtration, Expt. 30, page 31) ; (li) dissolv^ed impurities (these may 
be separated by distillation, Expt. 12, page 16). 

If the water gives a yellow or brown coloration with “ Nesslcr’s 
reagent/’ it is contaminated and unfit for drinking. 

Test all the given samples by this test. 


Hard and Soft Water 

Pure water readily gives a frothy mass of bubbles called a 
“ lather ” when shaken up with a soap solution. Water which 
readily gives a lather w'ith soap solution is said to be “ soft.'"' 

Water which^ instead of giving a lather with soap solution, 
causes the soap to separate as a curd or scum is said to be “ hardJ^ 
This “ hardness ” is due to the presence of dissolved substances. 
It is of two kinds — “ temporary hardness” and “permanent hard- 
ness.” 

If the hardness can be removed by simply boiling the water it is 
called “ temporary ” hardness. This is due to the fact that the 
sulistances causing the hardness arc decomposed by heat and arc 
removed from the solution partly in the form of gas, partly as a 
precipitate. Either process removes the substance from the 
“ sphere of action ” and thus stops any further action on the dis- 
solved soap solution. 

“ Permanent hardness ” cannot be removed by boiling. 

Expt. 53.— Find the relative degrees of hardness of each of the 
given samples of water. — {a) Put your soap solution into a burette. 
Take 100 c.c. of distilled water in a flask. Add 0*5 c.c. of the given 
soap solution. Close the mouth of the flask with your thumb. 
Shake up vigorously. If no lather forms add o’5 c.c. more of the 
soap solution and repeat until a lather is formed which lasts 3 
minutes. Say it requires x c.c. This is the quantity of soap solu- 
tion required to give a permanent lather with pure water. 
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(b) Now take loo c.c. of your given sample of water and put it 
to boil. In the meantime take another loo ac. of the same sample 
and add x c.c. of soap solution. If a permanent lather forms the 
water is “ soft.” If not, continue adding soap solution 0*5 c.c. 
at a time. Shake up after each addition until a permanent lather is 
obtained. Suppose the unboiled sample requires y c.c. of soap 
solution ; (y - x) c.c. gives a measure of the “ total hardness.” 

(r) Cool the boiled water by holding the bulb of the flask under 
the cold-water tap and make the volume up to 100 c.c. with distilled 
water. (Some water will have been lost as steam during the 
boiling.) 

Again add soap solution 0*5 c.c. at a time until a permanent 
lather is obtained on shaking. 

Suppose z c.c. are required to secure a permanent lather — 

Then total hardness is indicated by (y- x). 

Permanent hardness is indicated by (z ~ x). 

Temporary „ „ „ „ (y-z). 


Tabulate your results for the given samples. 


Sample. 

lotal 

hardness 

Permanent 

liardncss. 

Temporary 

hardness 

Distilled (A) .. 




Tap (B) . . . . 




Well (C) .. .. 




Puddle {D) 





i 



- 


{ 
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Water is a compound of hydrogen and oxygen. Its formula 
is HgO, which shows that two atoms of hydrogen are in com- 
bination with one of oxygen. 

If one of these atoms of hydrogen is replaced by a metal a 
compound called a hydroxide is formed. All hydroxides contain 
the monovalent group OH.” 

Expt. 54.— Tests for the hydroxyl group {i,e. ion) in solution.— 

If the hydroxide is soluble in water the following reactions indicate 
its presence. 

(a) Pink litmus solution is turned blue. 

{b) Phenolphthalein solution is turned pink. 

{c) On adding a solution of the hydroxide to ferric chloride 
solution a brown precipitate is formed. This preeipitate is soluble 
in dilute acids. 

Soluble hydroxides give similar precipitates of insoluble hydroxides 
with other salt solutions, but only one typical instance isgiven here. 

An example of the direct formation of an hydroxide is illus- 
trated by the action of sodium on water. 

2Na -f H,0 - 2NaOII + IT^ 

Sodium acts on Water and gives Sodium and Hydrogen 

hydroxide 

Water is an oxide of hydrogen. 

There is a second oxide of hydrogen called hydrogen peroxide 

(ICO,). 

Expt. 55.— To test for hydrogen peroxide.—To the given solution 
of hydrogen peroxide add a few drops of dilute sulphuric acid. 
Now pour some ether into the test-tube. The ether will form a 
layer of liquid on the surface of the aqueous solution. Now add 
two or three drops of potassium chromate (or potassium bi- 
chromate) solution. Shake up the tube. A beautiful blue colour 
develops and the ether dissolves the blue substance, giving the 
ethereal layer a blue colour. 

Some peroxides give this test also, but not all. 
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DEMONSTRATIONS 

1. All leases are not soluble in water to the same extent. You 
will he shown specimens of several gases^ and the fact that their 
degrees of solubility differ will be demonstrated. 

2. If the solutions of certain solids are boiled, a precipitate 
comes down. The precipitate redissolves when the solution is 
cooled. 

Such substances are less soluble in hot water than in cold water. 

3. The action of the steam ovens and the continuous still ’’ 
will be explained. 

4. The demonstrator will explain and illustrate to you what is 
meant by “ vapour pressure.” 

Make notes on the demonstrations as well as on the experiments 
actually performed by yourself. 


Notes to Demonstrator 

Expt. 50. Give insoluble as welf as soluble bodies^ and liquids 
as well as solids. 

Expt. 51. Give a saturated solution of common salt; or better, 
a strong solution of calcium chloride. 

Expt. 52. NessleEs reagent is made by dissolving 16 grams of 
potassium iodide in 150 c.c. of distilled water. Reserve 10 c c. of 
this solution and add, with constant stirring, the remaining 140 
c.c. to a cold saturated solution of mercuric chloride. A slight 
precipitate should remain after all the potassium iodide has been 
added. Add potassium iodide from the 10 c.c. reserved until the 
precipitate redissolves. Dissolve 100 grams of caustic potash in 
150 c.c. of water, and when cool add this solution to the one 
prepared above. Dilute the solution to 500 c.c. and store in a 
brown bottle in dark cupboard. 

Expt. 54. Dissolve oleic acid in alcohol. Add phenolphthalein 
solutions, add KOH in alcohol (strong solution) till the oleic acid 
is neutralised (faint purple colour with phenolphthalein). Dilute 
with water. 

Expt. 55. Give MnOa and BaOg. 



DEMONSTRATION 12 
Solubility 

Expt. 56. — To determine the solubility of a given substance 
in water at the temperature of the laboratory. — You are oiven 
sodium chloride crystals. Finely powder some of the crystals in 
a mortar. To powder a substance with a pestle, do not bang the 
pestle on to the substance. It usually ('auses the substance to shoot 
out of the mortar. It will be found more advantageous to press 
and grind tlie substance by holding the mortar firmly in the left 
hand and the pestle in the right and giving the pestle a twisting 
motion while pressing firmly. 

Put some of the powder in a flask and shake it up with distilled 
water. Stand the flask on one sale and shake it at intervals. 
Clean an evaporating basin, warm it, and then allow it to cool in 
a desiccator it availalile. Transfer to the balance and weigh it. 
Put the weight down in your note-book. Pour about 20—30 c.c. 
of the solution through the filter paper into the weighed evapora- 
ting basin. There must be some of the solid substance in contact 
with the solution all the time until the solution is poured through 
the filter paper into the w'eighed evaporating basin. 

Take tlie temperature of the solution. Again weigh the evapora- 
ting basin and solution. Now evaporate the solution to dryness. 
This must be done carefully and all spitting or spurting must be 
avoided or serious errors will occur. 

Do not try to rush the evaporation by over-heating the evaporating 
basin. 

The evaporation may be done— 

(t) By heating the solution on a water-bath. 

(2) By heating the solution on a sand-bath. 
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You must watch very carefully that the temperature is not too 
high or spurting will occur, 

(3) By heating the basin on a cone set upon a sand-bath as 
explained in detail in Demonstration 6 (page 34^, Fig. 33 B). 

After cooling the evaporating basin till the hand can be borne 
close to it, allow the final cooling to take place in a desiccator. 
Weigh the crucible and residue. Heat, cool and weigh again. 
Repeat the heating, cooling and weighing until the weight is 
constant. 


Data : — 

Weight of evaporating basin — W grams. 

Weight of evaporating basin and solution w y, 

Temperature of the solution (laboratory 

temp.) = C. 

Weight of evaporating basin and residue 
when constant — 7^1 „ 

.‘.Weight of dissolved substance = 

Weight of solvent (water) = { 7 v— 7 t>^ „ 

/.Weight of substance dissolved by {70 ~w^ grams of water 
— (w^~~W) grams. 

.'.Weight of substance dissolved by i gram of water 
(ze.-IF) 

= / \ grams, 

{7V—7V^) ® 

/.Weight of substance dissolved by 100 grams of water 
(w^~W) 

Required result : 

100 parts by weight of ivater at t^ C\ dissolve .... parts by weight 
of sodium chloride. Ans. 


X 100 grams. 



DEMONSTRATION 13 

Preparation and Properties of Hydrochloric Acid 

Expt. 57. — Preparation of hydrochloric acid gas. — The fumes oj 
this gas are very objectionable and irritating, so the experiment 
should he performed in a fume closet. 

Fit up a flask with a cork bored with two holes through one of 
which passes a thistle funnel and through the other a delivery 
tube. The thistle funnel dips nearly to the bottom of the flask 
(Fig. 47). See that all the 
ends of the tubes are 
rounded ofif and that the 
apparatus is air-tight. 

The delivery tube should 
be long enough to reach 
nearly to the bottom of 
the cylinder. 

It will be found easier/ 
to change the cylinders 
quickly if the arrangement 
shown in Fig. 47 is 
adopted. If the cylinders 
stand on the working 
bench it is difficult to remove the delivery tube from them 
quickly. 

See that the cylinders you will use for collecting the gas are dry. 

Put some small crystals of common salt in the flask and fit up 
the apparatus. Pour strong sulphuric acid through the thistle 
funnel. Hydrochloric acid gas will be evolved immediately. 
At first no heat is required, but when the evolution of gas slackens 
the flask should be gently heated with the Bunsen burner. 
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The reaction which takes place is represented by the equation : 


NaCl 

Sodium 

chloride 


+ HjSO, 

„ith Sulphuric 


gives 


IICl + 
Hydrochlonc 
acid gas 


NaHSO^t 

Sodium 

bisulphate 


In a flask the reaction does not proceed to the formation of normal 
sodium sulphate. 

You can test when a gas cylinder is full by holding a piece of 
moist blue litmus paper near the mouth of the gas cylinder. When 
the cylinder is full the litmus paper turns pink. 

To change the cylinder (i) remove the wooden blocks (2) remove 
the cylinder and put a dry cover on it at once, (3) slip a new jar 
into position and support it by the wooden block. 

Observe that the gas fumes when it comes into contact with 
air. This is due to the moisture in the atmosphere. 


P 2 xpt. 58. — Properties of hydrochloric acid gas. 

Collect several cylinders of the gas and observe its properties. 

Describe in your note-book all you do and see, etc. 

Tabulate your results under three heads, “ Experiment, Observa- 
tion, Inference.” (See Demonstration's, page 42.) 

(1) It is colourless. 

(2) It has an intensely acid taste. 

(3) It has a pungent, irritating smell. 

(4) Plunge a lighted taper into a cylinder of the gas. Does it 
support combustion ? Does it bum ? 

(5) Shake the gas up with blue litmus solution. 

(6) Shake the gas up with lime-water. 

(7) Throw a moist flower into the gas. Has the gas any bleach- 
ing action ? 

(8) Invert a cylinder of gas in a basin of water. Is the gas 
soluble in water ? Test the water with litmus solution. 

(9) Invert a cylinder of the gas over another cylinder in which 
a few drops of ammonia solution have been shaken up. 

The white fumes which are formed are ammonium chloride. 

NH3 + HCl - NH,C 1 

Ammonia Hydrochloric acid Ammonium chloride 

(colourless gas) (colourless gas) (white solid) 

Ammonium chloride is an “ addition ” product of ammonia 
and hydrochloric acid. 

Sodium chloride is a substitution ” product of hydrochloric 
acid. 
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P'xPT. 58 A. —Hydrochloric acid solution. — Dissolve some of the 
gas in water by allowing the delivery tube to remain a quarter of an 
inch above the surface of distilled water in a test-tube while the gas 
is being generated in the flask. 

Perform the following experiments with the solution: 

(a) Add zinc to some of the solution. What happens } If 
a gas is given off^ see if you can detect what it is. 

{b) Add some of the solution to sodium carbonate. What 
happens } Give equation. 

(c) Take a little of the strong solution and add to it some man- 
ganese dioxide in a test-tube. A coloured^ pungent smelling gas 
called “ chlorine ” is evolved. This will be studied in the next 
demonstration. All peroxides give this reaction with hydrochloric 
acid. 

MnO^ + 4HCI - Cl^ + 

“ssr ..d 

MnCl, + 211,0 

Manganese chloride and Water 

Expt. 59.— To test for hydrochloric acid. — Add to the solu- 
tion a solution of silver nitrate. A white precipitate of silver 
chloride is thrown down. This precipitate is soluble in ammonium 
hydrate. When the clear solution so formed is acted on by dilute 
nitric acid^ the silver chloride is reprecipitated. 

AgNOg -p IICl - AgCl + HNO, 

Silver nitrate and Hydro- give Silver chloride and Nitric acid 
chloric acid (white prccipi- 

(or any tate) insoluble 

soluble in water, or 

chloride) dilute mine 

acid, soluble 
in ammonia 

All acids are compounds of hydrogen — e.g,j Hydrochloric acid, 
HCl, sulphuric acid, H 2 SO 4 , nitric acid, HNO 3 , etc. When the 
hydrogen of an acid is replaced by a metal (or a group of atoms 
equivalent to a metal) the body formed is called a salt.’^ 

DEMONSTRATIONS 

(i) The electrolysis of hydrochloric acid in a Hoffmann’s appa- 
ratus will be shown to you. Draw a sketch of the apparatus. 
Carbon electrodes are used. See that hydrogen (test) and a new 
greenish coloured gas are evolved. This gas is called “ chlorine.” 
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N.B . — ^The solution in the limb which will contain the chlorine 
should be saturated with chlorine before starting the electrolysis. 
Do not saturate with chlorine the solution in the limb in which 
hydrogen will be collected. 

(2) The apparatus by which a continuous stream of dry hydro- 
chloric acid may be obtained will be shown to you. Make a sketch 
of it. From a dropping funnel concentrated hydrochloric acid is 
dropped upon strong sulphuric acid contained in a flask. Heat the 
flask gently if necessary. (See Fig. 48, Demonstration 14, 
page 70.) 

(The mixture of sulphuric and hydrochloric acids after dilution 
may be used for the preparation of sulphuretted hydrogen in a 
“ Kipp/' or for the preparation of hydrogen.) 


What is an Acid ? 

An Elementary Idea of the Theory of Ions " 

A body carrying a charge of positive electricity will attract a 
body carrying a charge of negative ^electricity. 

Suppose that we have a large fixed body charged with positive 
electricity and that^ in its neighbourhood; we have a small body 
charged with negative electricity and that this small body is free 
to move in space. This small negatively charged body will 
approach and finally touch the fixed positively charged body. 
When this takes place the .small body will lose its negative cliarge 
and a certain amount of the positive charge on the fixed body will 
be neutralised. 

A similar course of events will take place if a large negatively 
charged body is fixed and a small positively charged body is free 
to move in its vicinity. 

If there is a number of mobile negatively charged bodies in the 
neighbourhood of a fixed positively charged body they will, one 
by one; come into contact with the positively charged body and 
the charge on the latter will be diminished. Similarly; the charge 
on a fixed negatively charged body will decrease in the presence 
of a number of mobile positively charged bodies. 

Suppose that we have a source of energy which will keep these 
fixed bodies charged with constant amounts of positive and negative 
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electricity respectively (even though they are liable to lose part 
of their charge from any cause). If the source of energy is due to 
a chemical reaction the apparatus producing the energy is called 
a battery ” and the positively and negatively charged bodies 
are called the positive and negative poles of the battery respectively. 
Let these two poles dip into a vessel containing a solution of 
hydrochloric acid in water. They are now called electrodes.’^ 
The positive pole is called the anode and the' negative pole is called 
the cathode. In the case under consideration the electrodes would 
be made of carbon. When these carbon electrodes^ connected 
to a battery, are put into the solution of hydrochloric acid in water 
we see that (i) hydrogen appears at the cathode and (2) a gas, 
which proves to be chlorine, appears at the anode. 

If, before putting the electrodes in the hydrochloric acid, the 
solution had been examined, we should not have found more hydro- 
gen m one part of the solution than another. The natural inter- 
pretation of the observed facts is that the placing of these charged 
electrodes in the solution has caused the hydrogen of the acid to 
move towards the cathode. It appears from this that the hydrogen 
present exists in the form of small particles, each of which carries 
a charge of positive electricity. Similarly the chlorine exists in 
the form of small particles, each of which carries a small charge 
of negative electricity. These charged particles are called ions ” 
and are capable of movement in the solution. 

Before the poles of the battery are put into the solution these 
ions exist in the solution and wander aimlessly about. When 
the poles of the battery (electrodes) are inserted, the motion of 
the charged particles (or ions ”) is influenced by the directive 
action of the charged electrodes. 

On reaching the electrode the ion parts with its charge, neutral- 
ising a portion of the charge on the electrode. The charge on the 
electrode is again brought up to strength by calling upon the 
reserve of electrical energy supplied by the battery. 

When the ion of hydrogen loses its charge it possesses the property 
of an atom, and two atoms immediately combine to form a molecule 
of hydrogen. Several of the molecules accumulate and form* what 
we seCy viz. a bubble of hydrogen gas. A similar explanation 
applies to the formation of bubbles of chlorine gas. 

Dunni<,lifl'’s Pract Chein. F 
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This property of splitting into two or more electrically charged 
particles in solution is called electrolytic dissociation/’ or 

ionisation/’ and any solution which contains a particular ion 
will give the reactions peculiar to that ion. Now hydrochloric acid, 
when dissolved in water, splits up into two ions, i.e. hydrogen ions 
and chlorine ions. 

The reactions of a solution of hydrochloric acid may be con- 
sidered to be due to two causes : (i) the presence of hydrogen ions 
and (2) the presence of chlorine ions. 

All solutions containing hydrogen ions will possess certain 
properties. Such solutions are called acids.” Hence the simplest 
definition of an acid is — An acid is a body which, on solution in 
water, gives free hydrogen ions. 

All bodies which, on solution in water, give chlorine ions are 
called chlorides ” and give certain reactions — hence the test 
for a chloride in solution is really the test for chlorine ions. In 
general terms we may say that all tests for metals and acids in 
solution may be considered as the tests for the presence of certain 
ions. 

In the case studied above, each of the ions carries what is called 
one unit charge, the hydrogen ion carries one such unit positive 
charge and the chlorine ion one unit negative charge, but an ion 
may carry more than one unit charge, e.g. calcium, barium, or 
strontium ions carry two positive unit charges each, the aluminium 
ion carries three positive unit charges, and so on. 

The ions so far considered consist of one atom only {i.e. are 
monatomic), but an ion may consist of several atoms combined 
together and this group of atoms in combination behaves as a 
distinct body. 

These groups of atoms, which possess distinct individuality 
and properties and which can be transferred from one compound 
to another, simultaneously retaining their characteristic properties, 
are called radicals.” 

When these radicals exist in solution, and carry one or more 
unit charges of electricity, they are also called ions.” 

Such ions may be negative and carry a negative charge, e.g. the 
(NO3)* ion, or nitrate ” ion, the (OH)' or hydroxyl ” ion, or they 
may be positive and carry a positive charge, as, for example, the 
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(NH4)’ ion, or ammonium ion. These ions may also carry 
more than one unit charge, e,g. the (SO4)", or ^Lsulphatc,” ion carries 
two unit negative charges, the (PO4)'", or phosphate, ion carries 
three unit negative charges, and so on. 

Every acid gives hydrogen ions when dissolved in water, hence 
the tests peculiar to a given acid will be the tests peculiar to the 
negative radical associated with the hydrogen of the acid in solution. 
When the hydrogen of an acid is replaced by a metal (or positive 
radical) a salt is formed. Hence the test for a salt in solution will 
consist of the tests for the ions of the metal plus the tests for the 
negative ion peculiar to the acid of which the given substance is 
a salt. 

Thus the test for calcium chloride in solution comprises the tests 
for the calcium ion together with the tests for the chlorine ion. 

Important. — The following so-called definitions of an acid 
are incorrect: 

(1) An acid is a body which turns blue litmus red. All soluble 
acids do this, but other bodies also do it. 

(2) An acid is a body containing hydrogen which is replaceable 
by a metal. Sodium hydrate would be an acid under this definition I 

2NaOII + Zn = Na^ZnO, + 

Sodium hydrate with Zinc gives Sodium zincate and Hydrogen 

(3) An acid is a body which has a sour taste. 



DEMONSTRATION 14 

Preparation and Properties of Chlorine Gas 
Bleaching Powder 


Expt. 6o. — Preparation of chlorine. — Set up an apparatus 
identical with that used in the prcpanation of hydrochloric acid gas 
{vide Fig. 47. page 61). Smear the cork with melted paraffin wax^ 
otherwise the gas will corrode it inside the flask. 

Put a little water on the bottom of the flask and then add 
either (i) granulated manganese dioxide^ or (2) a mixture of 
manganese dioxide, 3 parts, and common salt (sodium chloride) 
2 parts. 

Put the apparatus in a fume closet, as the gas which will be evolved 
is obnoxious and poisonous. — See that the apparatus is air-tight. 

If you are using the first method pour strong hydrochloric 
acid down tlie thistle funnel. The action will be 


MnO^ F 4nCl 

Manganese with Hydro - 

dioxide strong chloric acid 


givc^ 


MnCl, 

Manganese 

chloride 


+ 

and 


Cl, + up 

and Water 

gas 

If you arc using the second method pour strong sulphuric acid 
down the thistle funnel. 


Write equations for what happens. 


If, by accident, you inhale the gas and feel any distress, go into 
the open air and breathe deeply. Call to the laboratory assistant 
for boiling water and breathe the steam. It will give you some relief. 


Expt. 61. — Test the properties of chlorine. 

Write your report in tabular form, 

68 



PREPARATION AND PROPERTIES OF CHLORINE GAS 69 


Observe that the gas — 

(1) has a greenish-yellow colour. 

(2) has a peculiar and unpleasant smell. 

(3) is soluble in water. Its solution is called “ chlorine water.’’ 

(4) bleaches dry or wet litmus paper. 

(5) bleaches indigo solution and coloured cloth and flowers 
which have been moistened with water. 

(6) releases iodine from a solution of potassium iodide^ 2KI + Cl^ 
= 2KC1 + I^. Iodine gives a blue coloration with starch solution. 

(7) releases bromine from a solution of potassium bromide, 
2KBrFCl,-2KCl-hBr2. 

(8) reacts with turpentine spread on a rag. Show that hydro- 
chloric acid is formed as well as carbon, etc. 

(9) reacts with Dutch metal, forming a soluble body. 

(10) docs not burn. 

(11) supports combustion of certain substances. 

The demonstrator will show you hydrogen burning in chlorine. 

The tests for chlorine depend on the fact that — 

1. It has a peculiar smell. 

2. It has a greenish-yellow colour. 

3. It has a bleaching action. 

4. It releases iodine from potassium iodide solution. 

The presence of the free iodine is shown by adding starch solution. 
A bright blue coloration indicates the presence of free iodine. 

Expt. 62. — Test for peroxides {vide also Expt. 55, page 57.) — Show 
that the given peroxides and other highly oxygenated substances 
give off chlorine gas when heated with concentrated hydrochloric 
acid. 

When chlorine combines with another element the resulting 
compound is called a “ chloride.” 


DEMONSTRATIONS 

I. Chlorine is a supporter of combustion.— (a) The demonstrator 
will show you a jet of hydrogen burning in chlorine gas. The 
resulting body is called hydrogen chloride or hydrochloric acid gas. 
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The tests for the acid will demonstrate its presence. This is a 
synthetic method of preparing hydrochloric acid gas. 

Ha + CI2 - 2HCI 

Hydrogen pvc 

(b) Antimony spontaneously bursts into flame when thrown into 
ghlonne gas ; a white solid (antimony trichloride) is formed. 

2Sb -f 3 C 1 ^ = 2SbCl3 

Antimony ^^^vitli Chlorine to give Antimony trichloride 

2. A laboratory demonstration of Deacon’s process for the 
manufacture of chlorine will be given. 

4HCI + O2 = 2IDO + 2CI, 

give Water and Chlorine 



Note to Demonstrators . — ^To make indigo solution (i) dissolve 
indigo-carmine in water^ or (2) warm i gram of indigo with 12 c.c. 
of fuming sulphuric arid. Stand aside till next day, then dilute 
with 20 volumes of water. In either case use a dilute solution of 
the reagent for showing the bleaching action of chlorine. 


Bleaching Powder 

Expt. 63. — To make a sample of bleaching powder.—Take some 
quicklime and add a little water to it so as partially to slake 
ft, but do not wet the lime. Remember that the chlorine carries 
over with it a certain amount of steam, and so the lime need 
only be partially slaked. The steam in the chlorine supplies the 
rest of the water requisite. Put this lime into the bottom of a 
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gas cylinder and stir or shake up at intervals. Continue doing this 
until the colour of the gas in the cylinder remains greenish-yellow* 

Notice that the lime gets hot. Keep it from over-heating by 
immersing the base of the cylinder in cold water in a trough or 
basin. 

When the lime has ceased to absorb the gas (seen by the per- 
sistence of the greenish colour) pour out the whitish substance 
which is in the cylinder. Notice its peculiar smell. It is “ bleaching 
powder ” or the commercial substance ‘‘ chloride of lime.” 

Ca(OH)2 -f Cl, = Ca(OCl)Cl + H^O 

Slaked lime with Chlorine gives Bleaching powder and Water 

Mix some of the bleaching powder with water. 

Allow the turbid liquid to settle and then pour off the clear 
solution. To this add a few drops of dilute hydrochloric acid 
and then a rag on which some ink has been spilt. 

The ink stains will be “ bleached.” 

Expt. 64. — Tests for hypochlorous acid (H CIO) and hypochlorite. 

— When bleaching powder is dissolved in water, calcium chloride 
and calcium hypochlorite are present in the solution. 

2Ca(0Cl)Cl + Aq - CaCl^ + Ca(OCl)2 

Chloride of lime in Water gives and hypochCite 

(1) Hypochlorites have a peculiar smell. 

(2) The addition of dilute hydrochloric acid causes the evolution 
of chlorine gas. Show the presence of chlorine by potassium 
iodide-starch test. 

(3) The solution acidulated with dilute hydrochloric acid has 
a strong bleaching action. 

(4) Addition of cobalt nitrate causes the evolution of free oxygen. 
The action is catalytic (catalyst-cobalt oxide). 

2Ca(OCl)2~2CaCl2 + Og. 

DEMONSTRATION 

A little bleaching powder is taken in a test-tube and water is 
added to it, then a little hydrochloric acid. Now a small fragment 
of calcium carbide is thrown into the solution. 

From the solution there issue bubbles of gas (a mixture of 
acetylene and chlorine) which spontaneously burst into flame, 
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Carbon 

Carbon may be produced from certain naturally occurring 

organic bodies, i.e. (carbon compounds of animal or vegetable 
origin), by heating them m their natural state out of contact 
with air. 

This is called dry distillation,'' or destructive distillation. 

Expt. 65. — Dry distillation. — Fit up an apparatus like that 
shown in Fig. 49. From the test-tube which should be set so 
that it slants downwards slightly at tlie delivery tube end, leads a 



tube which passes into a second test-tube, B. This test-tube is 
set in a cylinder of cold water which will serve as a condenser for any 
portions of the distillate which exist normally in the liquid state 
at the temperature of the laboratory. This second test-tube is in 
turn provided with an outlet tube, which passes under another 
test-tube filled with water and immersed in a trough of water. 
In this test-tube are collected any gases produced during the 
distillation. 
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In A chips of wood are placed. Leave a passage over the 
surface of the wood so that the vapours, etc., produced may be 
able to pass away freely. 

Commence heating A at i and, as the mass inside chars, work 
the burner to the left. 

Drive out as much air as possible before collecting any gas. 

Repeat the experiment with feathers, rubber, etc. 

Give an account of the physical properties, e.g., solid, liquid, gas, 
colour, smell, solubility in water, acidity or alkalinity, etc. Show 
that you possess power of observation. 

In the case of gases, colour, smell, presence of CO2 inflammability, 
etc,, should be noted. 

Tabulate the result. 


Substance 

hceitcd. 

Properties of 
the residue. 

Properties of 
the distillate. 

Properties of 
the gas 

I. Wood 




2. Feathers . 




3, Rubber . . 




4. Bones 

1 




Expt. 66. — Allotropic modifications of carbon.^ — i. You are 

given a sample of coal. Describe it. Sec that the coal occurs 
in layers and splits along the line of separation of these layers. 

2. Describe the properties of graphite. See that it marks paper. 
It is the substance of which so-called lead pencils are made. 

3. Describe a diamof'hd. It is crystallised carbon. 

4. You are given a rag soaked in oil. Put it on an iron plate 
and take it out on to the verandah or put it into a fume closet. 
Ignite the rag and hold a piece of white porcelain in the sooty 
flame. 

The black, amorphous deposit is carbon. It is called “ lamp- 
black:^ 
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This specimen would contain a certain amount of oil. This oil 
can be removed by warming the lamp-black in a current of 
chlorine gas. 

5. The charcoal produced by the dry distillation of bones is 
called “ animal charcoal^ It possesses in a high degree the property 
of bleaching solutions which contain a small amount of colouring 
matter. 

It is used commercially for decolorising sugar solutions. Blood 
charcoal possesses similar properties. Bleach the given coloured 
solution with the animal charcoal supplied. 

6. The charcoal produced by the dry distillation of wood is 
called wood charcoal. It possesses in a high degree the power of 
adsorption. Repeat Expt. 28, page 29. 

This principle may be adapted to the removal of noxious smells 
over drains, etc. 

Expt. 67. —Action of acids on carbon. — Try the action of 
IICI, H2SO4, and IINO3 on various forms of carbon. 

Tabulate your results. 

Expt. 68. — Carbon is a reducing agent.— Mix up some powdered 
black copper oxide with one-fifth its weight of powdered carbon 
and heat in a test-tube. Observe the reddish, metallic residue of 
copper. Carbon is a reducing agent 


CuO 

Cupric 

oxide 

+ 

heated 

with 

c 

Carbon 

gives 

Cu 

Metallic 

copper 

+ 

and 

CO 

Carbon 

monoxide 

2CuO 

Cupric 

oxide 

E 

heated 

with 

c 

Carbon 

gives 

Cu 

Metallic 

copper 

E 

and 

CO, 

Carbon 

dioxide 


Test with lime-water. 

Expt. — Find the percentage of incombustible ash in the given 
sample of coal. 

Method — Demonstration 6, Expt. 30, page 31. 
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Oxides of Carbon 

Expt. 69. — Carbonic acid gas. Carbon dioxide. — Take a piece 
of carbon in a deflagrating spoon and heat it in the Bunsen flame 
until it glows. Now put it, still glowing, into a clean, dry gas 
cylinder and leave it there until it ceases to glow. 

Shake up some ordinary air with lime-water — no effect will be 
observed. 

Remove the deflagn^ating spoon from the cylinder and shake up 
the gas in the cylinder with lime-water. The lime-water will turn 
milky. What has happened ? 

By the combustion of the carbon a new substance has been 
synthesised which possesses the property of turning lime-water 
milky. This substance is a compound of carbon and oxygen called 
carbon dioxide (di=two) or carbonic acid gas. Its formula is COg- 

Expt. 70. — To prepare carbon dioxide gas in quantity. — Take 
a Woulfe’s bottle and fit it, as shown in Fig. 50, with a thistle 
funnel and delivery tube. 

Into the bottle put some 
pieces of marble, or any other 
cheap carbonate. Fit in the 
corks and arrange the appar- 
atus for the collection of the 
gas by the downward dis- 
placement of air. (See Fig. 50.) 

Pour water in the Woulfe’s 
bottle to a depth of about fig. 50. 
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} inch. Place the gas jar so that the delivery tube dips to 
the bottom of the jar. 

Through the thistle funnel pour in strong (commercial) hydro- 
chloric acid. 

Notice the brisk action that takes place, and that the liquid 
in the bottle gets warm. This rapid evolution of bubbles is called 
“ effervescence.” 

The gas passes over through the delivery tube into the gas 
cylinder. The cylinder is shown to be full when a lighted match 
held at the mouth of the cylinder is extinguished. 

Collect seven or eight jars of the gas. 


Expt. 71. — Test the properties of the gas,— Write your results 
in tabular form. 

(1) Notice its peculiar smell and that the gas has no colour. 
Taste the gas. 

(2) Show that the gas is a non-supporter of combustion. Does 
it burn ? 

(3) Shake the gas with lime-water. What happens ? (This 
constitutes a test for carbon dioxide gas.) 

(4) Pour the gas from one vessel to another to .show that it is 
heavier than air. (Test with lime-water.) 

(5) Shake the gas with blue litmus solution. Wivat do you 
observe and what conclusion do you come to ? 

(6) Test the solubility of the gas in water and the reaction to 
litmus of the water which has been shaken up with the gas. 

(7) Bind a piece of magnesium ribbon to a deflagrating spoon. 
Heat the magnesium ribbon until it commences to burn. Plunge 
the burning ribbon into a cylinder of the carbon dioxide gas. 
Notice the flecks of carbon on the sides of the cylinder. A white 
substance will also be observed. Shake up the gas in the cylinder 
with litmus solution. Notice that the litmus indicates the presence 
of an alkali. The magnesium has taken the oxygen from the 
carbon dioxide and formed a basic oxide which. is soluble in water. 
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The hydroxide gives the tests for the “ Oil ” group. (vSce 
Demonstration ii, Expt. 54.) 

Expt. 7 2.-- Calcium bicarbonate. — ^Take some lime-water in a 
test-tube and pass carbon dioxide gas through it. The lime 
water turns milky. This is due to the precipitation of calcium 
carbonate. 

Ca(OH)^ + CO2 - CaCO, + H^O 

Lime-water and Carbon give Calcium and Water 

dioxide carbonate 

(white 
l^recipitate) 

If the carbon dioxide gas is passed into the solution in which the 
calcium carbonate is suspended the milky liquid becomes quite 
clear. This is due to the formation of a new compound of calcium 
called calcium bicarbonate. 

CaCO, + H ,0 + C02 ^ Ca(ITC03).3 

Calcium carbonate Calcium bicarbonate 

(insoluble) (soluble) 

Boil the clear solution. Carbon dioxide is evolved and calcium 
carbonate re precipitated. The reversibility of the reaction is 
indicated by the reversed arrows 

Try the experiment with a solution of magnesium hydroxide in 
water and compare the results with those obtained with lime- 
water. 

The temporary hardness of water i^ide Demonstration 11) is due 
to the presence in the water of such salts as the bicarbonates of 
calcium and magnesium which are decomposed by boiling. 

Use soap solution and repeat the experiments on hard and soft 
water (Demonstration ii). 

Blow air from your lungs through lime-water. What happens ? 
Why? 


DEMONSTRATIONS 

I. The demonstrator will show you that the air exhaled (breathed 
out) from your lungs contains more carbon dioxide than the air 
you inhale. 

The apparatus is shown in Fig. 51. 
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The mouth is applied to a tube attached to C. 

2. The apparatus used for showing the volumetric composition 
of carbon dioxide will be exhibited and its use explained. 



Draw sketches of both these pieces of apparatus in your note- 
book and make notes on the method in which they are used. 


Notes to Demonstrators 

(1) Blackboard chalk is not a cariionate. 

(2) The demonstrator is advised not to call carbon dioxide gas 
chalk gas.” It introduces to the mind of the student the idea 

that it is produced from chalk and chalk only. 

Hence when, on some subsequent occasion, the student tests a 
gas produced by the action of a dilute acid on a solid and detects 
CO.2 he says that the substance from which he got the gas is 
chalk.” The fallacy of such an argument is obvious since any 
carbonate would give the gas, not chalk only. 

This is dealt with further in the next demonstration. 
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Carbonates and Bicarbonates 

When carbon dioxide gas is passed into a solution of an hydroxide 
a substance called a carbonate is formed. These bodies are 
substitution products of an acid called “ carbonic acid ”(N.,CO.^). 

The “ basicity ’’ of an acid is the number of atoms of hydrogen 
in one molecule of the acid which are capable of being replaced by 
a metal (or a group of atoms equivalent to a metal). 

Carbonic acid contains two atoms of replaceable hydrogen in 
each molecule, and is therefore dibasic (di=two). 

A body formed from an acid by the replacement of a part or all 
of its hydrogen by a metal or its equivalent is called a salt. 

Carbonic acid can give two series of compounds called salts. 

(1) Those in which only one atom of hydrogen of the acid is 
replaced by a metal (or group of atoms equivalent to a metal = 
basic radical). 

These are called bicarbonates, e.g,, NallCOg, sodium bicarbonate. 

When only a portion of the replaceable hydrogen in an acid is 
replaced by a metal or its equivalent, the body so formed is called 
an acid salt. Sodium bicarbonate is an acid ” salt. 

(2) Those in which all the replaceable hydrogen of the acid is 
replaced by a metal or its equivalent. 

These are called carbonates, e.g.j NagCOg is called sodium car- 
bonate or normal ” sodium carbonate. 

The student must remember that it is not necessary that all 
the hydrogen in a molecule of an acid should be capable of re- 
placement as it is in 112804, sulphuric acid, and H^COg, carbonic 
acid. For example, in HgPOg, phosphorous acid, only two out of 
three atoms of hydrogen are capable of replacement. Therefore 
the acid is a dibasic acid and Na.2nP03 is the formula for normal 
sodium phosphite. Again, C2H4O2 (or CllgCOOII), acetic acid, 
contains four atoms of hydrogen, but only one is capable of replace- 
ment by a metal or its equivalent. Therefore it is a monobasic 
acid (mono=one). 
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Expt. 7 3 a. — Tests for carbonates. — i. Nearly all carbonates on 
being heated dry give carbon dioxide gas and a residue of 
metallic oxide. 

Exceptions : Barium carbonate and the carbonates of the 
alkali metals. 

2. All carbonates when treated with dilute nitric acid 
give carbon dioxide gas with effervescence. Carbon dioxide gas 
turns lime-water milky. The gas is tested by pouring it into a 
test-tube containing a little clear lime-water. The student is 
warned against the common mistake of shaking some of the body 
to be tested into the lime-water and mistaking that, in a state of 
suspension, for the “ milkiness.'^ 

Note also that this test only tells you that a carbonate is present. 
It gives no hint as to what carbonate. 

N.B. — I. Be sure you use dilute acid. 

2. Do not boil the reaction mixture so that acid fumes 
distil over into the lime-water. 

3. x\sk the demonstrator to show you how to ‘‘ pour ” 
the gas from one tube to another. 

Expt. 73B, — Test for bicarbonates. — If the given substance, when 
treated with dilute nitric acid, gives effervescence and carbon 
dioxide gas is evolved the substance must be a carbonate or a 
^/carbonate. 

All bicarbonates are soluble. 

Add a solution of magnesium sulphate to a solution of the given 
substance. If a white precipitate forms a carbonate is present. 
If no precipitate forms in the cold, but, on boiling, a white pre- 
cipitate is thrown down, a bicarbonate is present. 

Expt. 73c. — Test each of the given bodies thus : 

(1) Heat them dry. Is carbon dioxide evolved ? Is any water 
vapour evolved ? Describe the residue. Try the action of dilute 
hydrochloric acid on the residue. 

(2) Treat with dilute nitric acid. Describe what happens. Is 
carbon dioxide evolved ? 

(3) Test their solubility in water. If soluble, test to see if the 
body is a normal carbonate or a bicarbonate. 

Use small quantities. 

Tabulate your results. 



CARBONATES AND BICARBONATES 


Sub- 

stance. 

I heated the substance dry 
in a test-tube. 

I Describe 

Is water the 

Is CO2 vapour changes 

evolved ? given which 

' off ? take 

place. 

Action 

of 

dilute 
hydro- 
chloric 
acid or 
dilute 
nitric 
acid. 

Is the 
sub- 
stance 
soluble ? 

Car- 

bonate 

or 

bicar- 
bonate ? 

A 







B 







C 








Ask the demonstrator to examine your results at once if you are 
in any doubt. 

Sodium Carbonate 


Sodium carbonate is a most important carbonate. 

Expt. 74. — (i) You are given some crystals of “ washing soda.’’ 
Examine them carefully. Describe them and select a good speci- 
men and make a sketch of it. 

(2) Show that water is given off when sodium carbonate crystals 
are heated in a test-tube. Collect the water in a second tube. 
Heat the tube containing the crystals carefully or you will break 
the tube. (See Fig. 52.) 



Fig. 52. 

(3) Leave some of the crystals exposed to atmosphere in the 
laboratory. They should effloresce (^ide Expt. 22, page 2^). 

(4) Dissolve some of the crystals in water. Test the action of 
the solution to litmus solution. (See Demonstration 26, page 112.) 

(5) Dissolve 10 grams of anhydrous sodium carbonate in 20 c.c. 

Dunnicliflf’s Pract. Chem G 
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of water. To the solution add milk of lime, made by shaking up 
200 grams of slaked lime with 250 c.c. of water. Boil in an iron 
pan for some time. Remove the Burner and allow the mixture 
to stand. Qirefully pour off the clear upper layer. Evaporate 
it down to a quarter of its former bulk in an iron pan. Cool the 
solution and then feel it by dipping the fingers into it and then 
rubbing them together. Do you notice the “ slimy or soapy ’’ 
feeling ? It is due to the caustic alkali, sodium hydrate (NaOH). 
A caustic ” substance is one that burns the skin. 

The action which takes place is expressed by the equation : 

Na,C03 + Ca(0II)2 - 2Na0n + CaCO^ 

Sodium with Calcium gives Caustic soda and Calcium 
carbonate hydiate (sodium carbonate 

liydrate) 

To this solution apply the tests for the hydroxyl group or 
hydroxides given in Expt. 54, page 57. An iron vessel is 
used for the experiment, as glass or porcelain would be attacked 
by the caustic alkali. 


Expt. 75.— Find the loss per cent, in the weight of the given 
substance when heated. — Weigh a clean crucible. In it put about 
I to 2 grams of the substance and weigh again. Put the crucible 
on a clay triangle and heat with the Bunsen flame until the weight 
is constant. Remember to let the last part of cooling take place 
in a desiccator. Never weigh a hot crucible. Use the tongs 
provided. 

Data : — 

Weight of the empty crucible and lid — W grams. 

Weight of crucible, lid and substance = w „ 

Weight of substance taken (w~~W) „ 

Weight of crucible, lid and residue „ 

Loss of weight — (w—w^) „ 

Required percentage loss will be : 


{iV—Wy) 

\w~W) 


X 100 


Ans» 
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Expt. 76. — Determination of the percentage loss in weight 
sustained by a carbonate when treated with a dilute acid. — Take a 
small flask with a sliort wide neck and fit it with a good cork. Take 
a glass tube and bore a hole in the cork which will fit the tube. 

Fill a small calcium chloride tube with fused calcium chloride 
and fit it in the cork also, so that the apparatus shown in 
Fig. 53 (a) is fitted up. Do not forget to round off all glass tubes 
before passing them through the cork. Fit the wide end of the 
calcium chloride tube with a cork through which is passed a short 
bent tube. When not in use the free end of the calcium chloride 
tube should be closed with a stop made of a piece of rubber tubing 
one end of which is closed with a short length of glass rod. This 
stop should be removed when weighing the apparatus. 

See that the apparatus is air-tight. 

Weigh the apparatus. Add about a gram of the carbonate and 
weigh again. The difference in the first and second weighings 
gives the weight of the carbonate taken. Add about 30 c.c. of dis- 
tilled water. Select a small test-tube which will just go in the bulb 
of the flask, and three-quarters fill it with strong hydrochloric 
acid. Slide the test-tube into the flask and it wall rest slanting 
against the wall of the flask. Replace the cork and weigh the whole 
apparatus. 

Remove the apparatus from the balance and leave the balance 
and weights in order. 

Now tilt the apparatus and the concentrated hydrochloric acid 
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will mix with the water and act upon the carbonate, giving carbon 
dioxide, which, in escaping through the calcium chloride, will be 
completely dried. When all action has subsided sliglitly warm the 
bottle by putting it in warm water, and blow dry air through the 
side tube D (Fig. 53 (h) ). This process is adopted to drive any carbon 
dioxide out of solution and to replace the carbon dioxide in the 
apparatus by air. Cool the flask in tap-water. Wash, dry, and 
weigh again. 



The air for this purpose is most conveniently controlled by means 
of two aspirators as shown in Fig. 54. 

B is full of water, A is full of air. By opening the pinch-cock 
between A and B the air from A is driven out. It is dried by 
passing it through a Woulfe^s bottle containing sulphuric acid. 
The pace at which the air is flowing can be seen by the rate at which 
the bubbles come through the sulphuric acid. When the water 
has run out of B connect the drying bottle to the glass tube in the 
stopper of B ; place B on the table and put A on a wooden block. 

Data : 

Weight of the bottle empty 7 n grams. 

Weight of bottle and carbonate ™ in „ 

Weight of carbonate taken = (m ~m) „ 
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Data : 

Weight of complete apparatus^ carbonate A __ 
acid^ etc. j 

Weight of complete apparatus after the) _ 
experiment i 

Weight of carbon dioxide evolved — 

Loss of weight sustained by (;?/—;;?) grams) 
of carbonate / 

Loss of weight sustained by i gram of\ ^ 
carbonate ) 

Loss of weight sustained by) — (a—b) 

100 grams of carbonate / 

Required loss per cent, is .... per cent. Ans. 

The student may find it difficult to prevent the test-tube con- 
taining strong acid from upsetting before it is required to do so. 
This upsetting may be prevented by passing a piece of thin glass 



a grams. 
b ,, 

{a-b) 

(a-b) „ 

(a—b) 

(ni—ni) 


In, 54 

rod through the cork (Fig. 53 (a) ). Put the tube containing strong 
acid in the flask and then, holding the flask in a slightly slanting 
position, but taking care that the acid does not upset, carefully 
insert the cork in such a way that the glass rod runs into the 
test-tube. The flask may now be raised to the vertical position 
without any risk of the tube upsetting. When the weighing is 
completed pull up the glass rod and spill the acid. 
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Expt. 77. — To find the percentage of carbonate in a mixture 
the other constituents of which are unaffected by dilute hydrochloric 

acid. — ^The procedure is exactly the same as in the previous ex- 
periment, but the calculation is worked out as follows : — 


■)- 


Suppose the carbonate is magnesium carbonate. 

Data : 

Weight of the empty bottle — m grams. 

Weight of bottle and mixture = m „ 

Weight of the mixture taken = {m' —m) 

Weight of complete apparatus with sub- 
stance, acid, etc. 

Weight of complete apparatus after ex-) 

periment ^ 

Loss of weight (CO2 evolved) = {a—b) ,, 

Now the molecular weight of magnesium carbonate, MgCOa, 
(24 + 12 4-48) =84, and the quantity of carbon dioxide contained 
in it is 44 parts. 

.*, 44 grams of CO2 would be evolved from 84 grams of MgCOg. 

g 

i,e., I gram of CO2 would be evolved from ' grams of ^IgCOa. 


IS 


44 ' 


84 


{a—b) gram of CO2 would be evolved from x {a-h) 

44 

grams of MgCOs. 

the amount of MgCOa in {ni —m) grams of mixture is 

84 . 

X ia—b) grams. 

44 

the amount of MgCOj in i gram of mixture is 

84 ^ {a-b) 

X r-7 — grams. 

44 (m — m) ° 

the amount of MgCOg in 100 grams of mixture is 
84 {a—b) 

^ W-m) ^ 

Required percentage of carbonate is .. . per cent, Ans. 
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Carbon Monoxide. Oxalates 

Perform your experiments in a fume closet, as carbon monoxide 
is very poisonous. 

Expt. 78. — Preparation of carbon monoxide. — Fit up the 

apparatus shown in Fig. 55. Do not forget to round off all the 
tubes before pushing them through corks or into rubber tubing. 

Be sure all parts of your apparatus are air-tight. 

A boiling tube^ is fitted with a cork. Through this is passed 



a glass delivery tube which in turn passes into a bottle or flavsk, B. 
The delivery tube from the wash-bottle, B, is conducted under a 
test-tube, C, or small cylinder filled with water and inverted in a 
trough of water. 

Into the boiling tube put some crystals of oxalic acid and upon 
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them pour concentrated sulphuric acid. Fit the tube in the stand 
and push its cork tightly in its mouth. 

Put some crude caustic potash or caustic soda solution in the 
wash-bottle, B. (The “ crude ” chemical is used because it is 
as efficient as, and cheaper than, the pure chemical.) 

Gently warm the boiling tube. Gas comes off, but notice that 
there is no blackening in the tube. The first one or two tubes of 
gas will be impure, as they will contain air which has been swept 
out of the apparatus. 


COOII 
COOH 
Oxalic acid 


= CO + 


yields 


Carbon 

monoxide 


and 


CO, 

Carbon 

dioxide 


+ 

and 


11,0 

Water 


The water remains behind in the test-tube with the strong 
sulphuric acid. The carbon dioxide is absorbed in the caustic 
potash. 

KOH -b CO^j^KHCOg (potassium bicarbonate). 

2 KOI I + CO2 - K2CO3 -b II2O. 


Expt. 79. — Examine the properties of carbon monoxide. 

(1) The gas is colourless. 

(2) It has a sweet smell, but do not inhale it. It is very poisonous. 

(3) It is insoluble in water. 

(4) Shake up with red and blue litmus solutions. The gas is 
neutral. 

(5) Shake up with lime-water. It has no action. If the gas has 
not been properly “ scrubbed ” in the bottle By it may give some 
milkiness with lime-water. 

(6) Plunge a burning taper into a cylinder of the gas. The taper 
is extinguished. The gas burns with a pretty blue flame. 

(7) Ignite a test-tulie full of the gas and let it burn away. Pour 
in lime-water and shake up. The lime-water is turned milky 
because carbon dioxide is present. 


2CO -b 

Carbon combines 
monoxide with 


Oo 

Oxygen 


giving 


2CO2 

Carbon 

dioxide 


Expt. 80. — Action of heat on oxalates. — You are given 
specimens of oxalates. Heat them and describe all that happens. 
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Test the gases given off and write up your results in tabular 
form. 

Effect of heat on oxalates. 


Substance. 

CO 

CO 2 

H.,0 

Remarks on 
changes during 

evolved 

evolved. 

evolved 

heating Describe 




_____ 



Residue. 

Sodium oxalate 

Yes 

No 

Yes 

Substance does 

1 

j 


i 

! 

1 

1 

1 

1 

not blacken 
white residue, 
j which appears 
to be sodium 
carbonate, as 
with a dilute 
acid it effer- 
vesces, giving 
CO^ (tested with 
j lime-water). 


r otassium binox- 

akite 


Ferrous oxalate 
Ammonium oxalate 
Lead oxalate . . 


Expt. 81.— Effect of strong sulphuric acid on oxalates.— Notice 
that they do not blacken. 

Tabulate your results. 

Expt. 82.— Action of strong sulphuric acid on potassium ferro- 
cyanide. — Show that when strong sulphuric acid acts upon 
potassium ferrocyamde, carbon monoxide is formed. Use small 


quantities. 

K,Ee(CN), + 

Glip + 6HaS04 

- 2K2SO, + 

FeSO^ 

Potassium 

Water Sulphuric 

acid 

Potassium 

Ferrous 

ferrocyanide 

sulphate 

sulphate 


+ 3 (NIC),S 0 , + 6CO 

Ammonium Carbon 

sulphate monoxide 
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Expt. 83. — Action of strong sulphuric acid on formic acid. — 

Formic acid is decomposed by sulphuric acid giving carbon 
monoxide. 


HCOOH + H2SO4 

Formic acid 


1T,0 

Water 


+ CO + IIoSO^ 
Carbon Sulphuric 

monoxide acid 


Expt. 84. — Tests for oxalates.— (i) Oxalates on being heated 
alone give either carbon monoxide and a residue of carbonate 
or carbon dioxide and carbon monoxide gases and a residue of 
oxide. Silver oxalate explodes and leaves metallic silver. 

(2) With strong sulphuric acid oxalates give carbon dioxide 
and carbon monoxide. They do not blacken. 

(3) In solution. Neutral solutions give a white precipitate of 
calcium oxalate soluble in dilute nitric or dilute hydrochloric acid. 

Calcium oxalate is insoluble in acetic or oxalic acid. 


COONa 

COONa 

Sodium 

oxalate 


+ CaCI, 


and 


C \lcium 
chloride 


give 


C 00 \ 

1 yCa 

coo/ 


Calcium 

oxalate 


+ 2NaCl 


and 


Sodium 

chloride 


(4) Mix a solution of an oxalate with a solution of potassium 
permanganate and dilute sulphuric acid. What do you observe ? 
What is the gas given off? Write equations representing the 
changes which take place. 

To detect carbon monoxide in the presence of carbon dioxide 
use the apparatus shown above (Fig. 55). In the bottle, B, put 
lime-water. This shows whether or not carbon dioxide is present. 

If the issuing gas burns with a blue flame and gives carbon dioxide, 
it is carbon monoxide. 


DEMONSTRATIONS 

(i) Preparation of carbon monoxide by passing carbon dioxide 
over red-hot carbon heated in an iron tube in a furnace. 

The gas is collected over potassium hydroxide so that no carbon 
dioxide may pass over. The COg is passed through strong 
H2SO4 to dry it (Fig. 56). 

Draw sketch of the apparatus in your note-book. 

Notice that in this case carbon dioxide is acting as an oxidising 
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agent ; it oxidises carbon, thereby becoming reduced carbon 
monoxide. Carbon is reducing carbon dioxide. 

CO> + C-2CO. 

(2) The reducing action of carbon monoxide will be demonstrated. 



Fig. 56. 


Hot copper oxide is reduced to the state of metallic copper by the 
action of carbon monoxide. 


CuO 

Copper 

oxide 


+ 

and 


CO 

Carbon 

monoxide 


give 


CO2 

Carbon 

dioxide 


+ Cu 
and Copper 


(3) Carbon monoxide is soluble in a solution of cuprous chloride 
in strong hydrochloric acid (distinction from acetylene). The 
carbon monoxide forms a compound with cuprous chloride 
(2 CuC 1,C0,2H20). This compound is decomposed when heated 
with potassium hydrate solution. 
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Modes of Chemical Action 

The different ways in which chemical action may take place may 
be roughly divided into five classes : — 

(1) Direct union or synthesis. 

(2) l^isplacement. 

(3) Double decomposition. 

(4) Direct decomposition. 

(5) Internal rearrangement of atoms. 

In this demonstration typical examples of each method will be 
studied. 


I. Direct union or synthesis. -Expt. 85.— (a) A is a mixture of 
iron filings and sulphur. 

Treat a little of the mixture with dilute hydrochloric acid. 
Notice the smell and properties of the gas evolved. 

(b) Heat a little of the mixture in a small test-tube. Notice 
that^ when the action in the tube has commenced as a result of 
heating the tube, it will continue without further heating. The 
mixture in the tube glows. Chemical action is taking place with 
the evolution of light and heat. Let the tube cool. Notice the 
difference in the appearance of its contents. Break the tube and 
treat the fragments with dilute hydrochloric acid. Observe the 
smell of the gas. Is it the same odour that was observed when the 
unheated mixture was treated with dilute hydrochloric acid ? 
This gas is sulphuretted hydrogen (H^S), produced by the a('tion of 
dilute hydrochloric acid on ferrous sulphide (FeS). The ferrous 
sulphide has been synthesised by the action of iron on sulphur. 

Fe -f S - FeS 

Iron heated with Sulphur gives Ferrous sulphide 


FeS 

Ferrous 

sulphide- 


. + 

and 


2HCI 

Hydrochloric 

acid 


FeCl, 

Ferrous 

chloride 


.4- 

and 


H^S 

Sulphuretted 

hydrogen 


92 



MODES OF CHEMICAL ACTION 


93 


II. Displacement. — In this method of chemical change one 
element takes the place of another clement in a compound. 

Expt. 86. — B is a solution of copper sulphate (CuSO^). The 
white metal C is zinc (Zn). Shake up some of the solution B with 
C and he careful. Shake gently or you will knock the bottom out 
of the test-tube. The blue solution gradually becomes quite clear 
and colourless, while, at the bottom of the tube, a red precipitate 
of metallic copper (Cu) is seen. 

Zri + CUSO4 - ZnSO^ + Cu 

Zinc with gives and Copper 

III. Double decomposition. — All reactions of the type repre- 
sented by the equation Ax+By-=^Ay-{-Bx are called double 
decompositions. 

Expt. 87. — D is a solution of sodium carbonate. 

E is a solution of strontium chloride. 

What we wish to show is that if these solutions are mixed, sodium 
chloride and strontium carbonate will be formed by double de- 
composition. 

Wc have already learned the tests for carbonates (Expt. 7 3 a, 
page 80) and chlorides (Expt. 59, page 63). 

Test for sodium. — When a platinum wire is dipped into a sodium 
salt and then heated in a clear Bunsen flame, the flame assumes a 
brilliant golden colour. This is shown by every sodium compound 
without exception. 

Test for strontium. — When a platinum wire is dipped into a stron- 
tium salt and heated in a clear Bunsen flame a brilliant crimson 
flame is developed. This is peculiar to strontium salts. 

We have now sufficient knowledge to test for A, B, x and y 
in the typical equation. 

I. {a) To a little of D add dilute hydrochloric acid. COg is 
evolved. Apply the lime-water test. The lime-water turns milky, 
Therefore a carbonate is present. 

(b) To the solution D add dilute nitric acid and warm until all the 
carbon dioxide has been evolved. To this solution add silver 
nitrate solution. No precipitate is formed. 

Therefore a chloride is not present. 
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{c) Dip a platinum wire into D and put it in the clear Bunsen 
flame. A brilliant golden-coloured flame is produced. 

Therefore sodium is present. 

In the solution D, sodium and carbonate are found. 

2. {a) To a little of the solution E add dilute nitric acid. There 
is no effervescence. No gas is evolved even on warming. 

Therefore a carbonate is not present, 

{h) To this solution add a solution of silver nitrate. A white 
precipitate is formed. It is soluble in ammonia, and reprecipitated 
by nitric acid. 

Therefore a chloride is present, 

(c) Dip a clean platinum wire in E and put it in a clear Bunsen 
flame. A brilliant crimson-coloured flame is produced. 

Therefore strontium is present. 

In solution E strontium and chloride are found. 

3, Now mix 20 c.c. of D with 20 c.c. of E, A white precipitate 
is formed. Filter. Wash the precipitate carefully, (a) Take 
the precipitate and to it add dilute hydrochloric acid. Effer- 
vescence takes place. The gas given off turns lime-water milky. 
It is carbon dioxide. 


Therefore the precipitate is a carbonate. 


{b) Test the precipitate on a platinum wire in the Bunsen flame. 
A brilliant crimson-coloured flame is produced. 

Therefore strontium is present, 

i.e,, the strontium which previously existed as strontium chloride 
has now been converted into strontium carbonate. 

4. Test the filtrate for chloride, carbonate, sodium and strontium ; 
of these the first three will be found to be present because sodium 
carbonate was added in excess. 

All the strontium will be on the filter paper as strontium car- 
bonate and therefore strontium will not be found in the filtrate. 

The reaction which you have just investigated is represented by 
the equation : 


Na^COg 

Sodium 

carbonate 


+ 

with 


SrCIj - SrCOg 

Strontium Strontium 

chloride ° carbonate 


+ 

and 


2NaCl 

Sodium 

carbonate 
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IV. Direct decomposition,— Expt. 88. — Heat mercuric oxide^ F, 
in a test-tube. Test the gas given off and show that it is oxygen 
(Expt. 40, page 43). Observe the mirror formed on the upper part 
of the tube. Rub the mirror with a rod and note the globules are 
formed. Mercury is the only metal which forms globules under 
these conditions, 

2HgO = 2llg + O2 

Mer^unc decomposes 

V. Internal rearrangement of atoms in a molecule. — ^There are 
many examples of this form of chemical change^ but they mostly 
belong to the province of Organic Chemistry {i.e.y the Chemistry 
of the Carbon Compounds), and for the present are beyond the 
scope of the student. 

An example from Inorganic Chemistry is given here. 

Expt. 89. — ^Take some of the solution G and notice its colour. 
Warm it carefully and observe what happens. Above 80° C. the 
colour of the solution changes to green. Cool the tube under the 
tap. It should recover its violet colour, but the change may be 
delayed. This change in colour is probably due to the rearrange- 
ment of the atoms in the dissolved molecules. 


DEMONSTRATION 

The growth of a lead tree ’’ and a “ silver tree ’’ will be shown 
to you. Do not disturb the vessels in which the experiments are 
being performed. 


Notes to Demonstrators 

Expt. 87. Arrange the strength of D and E so that 20 c.c. of 
D will contain more than sufficient sodium carbonate to precipitate 
the strontium in E. Use pure chemicals. 

Expt. 89. The solution G is violet chromium chloride or 
sulphate. 

Demonstrations. — (i) Hang up zinc in lead acetate solution. 

(2) Hang up zinc in silver nitrate solution. 
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Conditions Affecting Chemical Change 


Expt. 90. — The substances must be in contact. — Put some iron 
filings, A, in the bottom of a test-tube. Holding the tube in a 
slanting position and using a spatula, put 
some powdered sulphur, Bj in the tube 
about one-third the length of the tube from 
the bottom (see Fig. 57 ). Now commence 
, heating the tube from the bottom. Heat both 
sulphur. Nothing happens 
filings 4 Until the sulphur melts and runs down the 

Fig. 57. wall of the tube and comes into contact 

with the iron filings. Chemical action takes 
place with the evolution of light and heat. Iron sulphide is 
formed. 


Fe 

Iron 

filings 


+ 

’ and 


S 

Sulphur 


- FeS 

combine Iron (ferrous) 
to form sulphide 


Expt. 91. — Influence of water, (a) Chemical action can proceed 
as a result of the substances being in solution. — Take some substance 
(C) and mix it with some of D. Nothing happens. Add water to 
the mixture. At once a brisk effervescence ensues and carbon 
dioxide gas is evolved (apply lime-water test). 

Water was necessary for the action to proceed. 

C is oxalic acid. D is sodium carbonate. 


H2C2O4 

Oxalic 

acid 


+ 

and 


NagCOa 

Sodium 

carbonate 


give 


Na2C204 

Sodium 

oxalate 
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+ 

and 


CO, 

Carbon 

dioxide 


+ 

and 


H,0 

Water 



CONDITIONS AFFECTING CHEMICAL CHANGE 


97 


(b) In some cases traces of water are sufficient to cause a chemical 
action to proceed. — The cylinder labelled E contains dry sulphur 
dioxide gas. 

The cylinder labelled F contains dry sulphuretted hydrogen gas. 


Expt. 9 1 a. — Water as a catalyst. — Invert the cylinders 
over each other so that the cover glasses are in contact. 
Hold the cylinders steady and slip the cover glasses 
away carefully but quickly. The gases will mix by diffu- 
sion (Expt. 27, page 29), but no change can be observed. 
Blow two or three drops of water into the cylinders by 
means of a pipette. Shake up. A white deposit of 
sulphur will appear on the walls of the cylinders, showing 
that chemical action has taken place. 

The reaction may be roughly represented by the equa- 
tion : 


so^ 

E 

H^S 

F 


1*10. 58. 


SO2 

Sulphur 

dioxide 


+ 

and 


2H2S 

Sulphuretted react, 
hydrogen giving 


3S 

Sulphur 


+ 

and 


IhO 

Water 


Expt. 92. — Influence of temperature. — Observe the action of 
heat on G (mercuric oxide), H (potassium chlorate), J (mixture 
of iron filings and sulphur), and K (ammonium dichromate). The 
action of heat on G, and J has been fully explained in previous 
demonstrations. K is given to you as a striking experiment. 
The substance is outside your syllabus. 


Expt. 93. — Influence of light. — {a) Expose a piece of photo- 
graphic printing-out paper (L) to the influence of direct sunlight. 

Observe that it passes through various shades of yellow and 
brown until it finally becomes nearly black. Chemical action is 
taking place on the surface of the paper as a result of the influence 
of light. 

(p) Add silver nitrate solution to a solution of sodium chloride. 
A white precipitate is formed : 

AgNO^ + NaCl - AgCl + NaNOg 

Silver Sodium Silver chloride Sodium 

nitrate chloride (white precipitate) nitrate 

DunnichfT s Pract. Chem H 
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Put the tube in the sunlight. The precipitate turns violet in colour. 
Test the filtrate with a solution of potassium iodide mixed with starch 
solution. The solution should turn a blue colour^ showing the 
presence of free iodine released from the potassium iodide by the 
chlorine given out by the action of light on silver chloride. 

Expt. 94. — Catalytic agents. — (a) Try the action of heat on 
potassium chlorate alone. Then mix a little manganese dioxide 
with some potassium chlorate and heat it. It will be found easier 
to obtain oxygen from the chlorate when it is mixed with manganese 
dioxide than when there is no manganese dioxide present. The 
manganese dioxide is unchanged in the reaction. 

Perform tests to ascertain whether other substances such as 
powdered glass will accelerate the decomposition of potassium 
chlorate when it is heated. 

(b) Treat the given solution of hydrogen peroxide with 
(i) powdered copper^ (ii) powdered glass. What happens ? 

Perform tests on the copper and glass before and after the 
experiment to ascertain if any change has taken place in them. 

(c) The manufacture of chlorine by Deacon’s process will 
again be demonstrated to you (see page 70). 

Those bodies which assist a chemical action to proceed in a desired 
direction without themselves being changed at the end of the re- 
action are called catalytic agents. 

The phenomenon is called catalysis. 

Expt. 95. — Removal of the products of reaction. Mass action. — 

Take 10 c.c. of cold concentrated hydrociiloric acid and to it 
add small quantities of A/ (red antimony sulphide) until no more 
of M will dissolve in the cold acid. Allow the excess of M to 
settle down and then pour off the clear solution into a test-tube. 
Divide the clear solution into two portions^ a and Boil a, but 
do not boil j3. After heating to both a and j3 add an excess of 
cold water. The solution a gives a white precipitate (antimony 
oxychloride) and the solution gives an orange-red precipitate 
(antimony sulphide). 

Explanation,— M is soluble in strong cold hydrochloric, but it 
is not soluble in cold dilute hydrochloric acid. When M is dissolved 
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in cold concentrated hydrochloric acid the reaction which takes 
place is represented by the equation : 

Sb,S3 -h 6 TTC 1 ^ 3TI2S + 2SbCl3 

Antimony Hydrochloric Sulphuretted Antimony 

trisiilphide acid hydrogen trichloride 

The solution — a mixture of sulphuretted hydrogen, antimony 
trichloride, and hydrochloric acid in water — is divided into two 
parts, a and /?. (i) If the solution a is boiled the sulphuretted 

hydrogen is driven off and removed from the sphere of action (in 
this case the sphere of action is the solution) and you are left with 
a solution of antimony trichloride and hydrochloric acid in water. 
On dilution with water the concentration of the hydrochloric 
acid is lowered and a white precipitate of antimony oxychloride 
is formed. 

SbCl3 + II2O :^=;: SbOCl + 2HCI 

Antimony dilution Antimony , Hydrochloric 

tiichlonde with water ^ oxychloride acid 

(11) On the other hand, if the unboiled portion, is diluted the 
concentration of the hydrochloric acid is lowered the 

hydrochloric acid becomes dilute) and the ])()int arrives at which 
the antimony trisulphide is insoluble in the dilute hydrochloric 
acid;, therefore, on adding water we get an orange-red precipitate 
of antimony trisulphide (Sb2S3). 

2SbCl3 -f 3H2S ^ Sb2S3 -f 6 HC 1 

This reaction has now been shown to be a reversible one and the 
direction w'hich it takes will depend upon the “ concentration of 
the hydrochloric acid present. 

“ Concentration mass of solute per unit volume of solution. 

mass of hydrochloric acid in solution, 
volume of hydrochloric acid solution. 

This “ concentration ” is lowered wiien water is added to the strong 
hydrochloric acid solution because the volume of the solution 
increases while the mass of hydrochloric acid present remains 
constant. 

Hence the antimony sulphide can be formed in the dilute solution 
produced, and its formation or non-formation by the action of 
sulphuretted hydrogen on antimony trichloride depends entirely 
on the concentration of the hydrochloric acid present. 

The influence, which depends entirely on the concentration of 
one or more of the substances taking part in a chemical reaction, 
is called the influence of mass or mass action. 


H 2 
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N.B . — If preferred this experiment may be performed as a 

Demonstration ” and the theory very carefully explained. 

Expt. 96. — Electricity. — ^The demonstrator will show you the 
analysis (splitting up) of hydrochloric acid by means of electricity 
in a Hoffmann’s Voltameter. Note that carbon electrodes are 
used because the free chlorine which is evolved in the reaction 
would attack metallic electrodes. 

Expt. 97. — Percussion. — The demonstrator will explode a small 
quantity of a body by placing it on a small steel anvil and hitting 
it with a hammer. 
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Expt. 98.— To determine the percentage gain (or loss) in 
weight when A is heated with an excess of B . — Clean the porcelain 
crucible supplied. Heat it on the clear Bunsen flame and allow it 
to finish cooling off in a desiccator. Always lift the crucible with 
the tongs. 

Weigh the crucible (IE). Now weigh out, in a weighing tube, one 
to one and a half grams of the substance A (w). Take a glazed 
mortar and, placing it on a piece of black glazed paper, put into 
the mortar about six or seven grams of the substance B, Turn the 
substance A into the mortar. The tube must now be weighed 
again (7£^j). Thoroughly mix the two substances in the mortar by 
means of a glazed pestle. Keep the mortar on the glazed paper all 
the time, so that if, in the process of mixing, any of the substance 
is spilt, it is not lost. 

Put your weighed crucible on the glazed paper, put a little of 
in the bottom of it. Now turn the mixture of A and B in the 
mortar into the crucible. Put a little of B into the mortar. Rub 
it round with the pestle and put it in the crucible also. Repeat 
this and the pestle and mortar may be considered clean from the 
weighed substance A. Put any particles of the substance which 
got spilled on the glazed paper in the crucible also. 

The crucible may be set on a pipe-clay triangle and heated gently 
at first, afterwards more strongly (see Fig. 35, page 38). Cool, weigh. 
Repeat the heating until the weight is constant. Remember not 
to handle the crucible with the fingers. Always use the tongs 
provided. If fumes are given off the crucible should be heated in a 
fume closet or under a hood. 


lOl 
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Data : 

Weight of crucible ^ w grams. 

Weight of weighing tube and substance A ~ w „ 

Weight of weighing tube and residue ~ ,, 

Weight of ^ taken = 

Weight of crucible when weight is constant 

after heating = „ 

Weight of substance formed ~ {w2,—W) „ 

(Suppose the substance gains in weight). 

Gain in weight of grams of A -=(7^ 2—^) grams. 

~ 7 Vi) 


/.Gain in weight of i gram of A 


.‘.Gain in weight of 100 grams of A 

{{w,-W) 

(7V ~2Vi) 

Required percentage gain in 7 vcight^ . . 


{w ~-%v^ 
{70~wP)\ 


X 100 grams. 


A ns. 


Note to Demonstrators 

Tn order that this experiment may be carried out quantitatively 
it is essential that B should be a volatile substance. 

Examples of suitable substances arc : 

Barium peroxide, B ammonium chloride. 

^ ^Calcium oxide, B ammonium sulphate. 

^=^Magnesia, B ammonium sulphate. 

With slight modifications in procedure the following may be 
employed : 

^—Sodium sulphite, hypo, potassium chloride, etc. 
—Sulphuric acid. 
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Preparation and Properties of Nitric Acid. Tests for 
Nitrous and Nitric Acids. Chemical Action of Nitric Acid 

Expt. 99^ — Preparation of nitric acid. — Take a 250 c.c. retort 
and put in it some sodium nitrate (Chili saltpetre, NaNOa). Fit 
it in a sand-bath on a retort stand. Arrange the apparatus as 
shown in Fig. 59. The neck of the retort is slipped into the neck of 
a flask which is lying slantwise in a trough of cold water. Pack 
the mouth of the flask with a little glass wool. Wet a piece of 



filter paper and lay it over the flask where it protrudes above the 
surface of the water in the trough. Pour concentrated sulphuric 
acid into the retort by means of a glass funnel inserted through the 
tubulure. Replace the stopper. If it is not air-tight grease the 
stopper with high melting-point wax. Heat the retort slowly, 
gradually increasing the temperature as the reaction proceeds. 
Keep the receiver cool by pouring cold water from the trough over 
the filter paper. Describe carefully all you do and see, etc. When 
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the reaction is finished remove the flask and pour the contents of 
the retort into an evaporating basin and set aside to cool. Crystals 
of sodium bisulphate separate out. Pour the liquid off from the 
crystals. Dissolve the crystals in water. Evaporate down the 
solutipn and set aside to crystallise again. 

The reaction which has taken place is represented by the 
equation : 


NaNOa 

Sodium 

nitrate 


-f 

and 


n,S04 • = 

pSaddg-e 


NaTISOi 

Sodium 

bisulphate 


-f 

and 


HNO3 

Nitric 

acid 


llie liquid in the flask is mine acid. Be careful not to get the odd 
on your flngers. 

Tabulate your results. 


Expt. ioo. — Properties of nitric acid. — (a) Smell the liquid and 
note its unpleasant and characteristic odour. 

{b) Put two drops of acid in a test-tube, fill the tube up with 
water and taste the solution. 

{c) Test the action of the solution {b) with litmus paper or 
solution. 

{d) Dilute a sample of the strong acid with four times its 
v^olume of water and test its action with 

(i) Calcium carbonate. 

(ii) Metallic magnesium. 

(iii) Caustic soda solution. 

Give an account of all that happens and test any gas which is 
evolved with the view of identifying it. 

{e) Try the action of the strong acid on copper. 

(f) What is the action of the strong acid on a piece of cloth ? 

(g) Pour a few drops of acid into a solution of ferrous sulphate 
and notice the dark coloration which is produced. 

All nitrates contain the group of atoms or radical (NO3). 

All substances which contain this radical are called nitrates ’’ 
and give the following tests. 


Expt. ioi.— (i) Black ring test for a nitrate.— Take a nitrate and 
dissolve it in water. Pour into it a little freshly-prepared ferrous 
sulphate solution. Hold the tube slantwise and slowly pour strong 
sulphuric acid down the inside of the tube. The sulphuric acid is 
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heavy and flows to the bottom of the tube and forms a separate layer 
there. At the junction of the two layers a dark brown ring forms. 

This reaction is not given with dilute sulphuric acid. 

(2) Mix some copper turnings with a nitrate and add strong 
sulphuric acid to the mixture. 

If dense brown fumes are evolved a nitrate is present. Free 
nitric acid is formed by the action of strong sulphuric acid on the 
nitrate. The nitric acid attacks the copper and gives nitric oxide 
(NO) which in turn gives brown nitrogen peroxide (NO2) by com- 
bination with the oxygen of the air. (See Demonstration 25.) 

3CU + SIINOa = 3 Cu(N03)2 + 4H2O + 2NO 

Copper -with Nitric acid gives n?trate water and 

2NO + O2 - 2NO2 

Nitric oxide with Oxygen gives Nitrogen peroxide 


Expt. 102.— Preparation of a nitrite. Test for a nitrite.—Take 

a little sodium nitrate and heat it in a small iron vessel with some 
lead turnings. The mass goes yellow because the lead is oxidised 
to lead oxide (litharge, PbO) and the sodium nitrate (NaNOs) is 
reduced to sodium nitrite (NaN02). 


NaNOa 

Sodium 

nitrate 


+ Pb - 

with Lt ad gives 


NaNOg 

Sodium 

nitrite 


-f 

and 


PbO 

Lead 

oxide 


Let the fused mass cool and then extract with water. Filter 
the solution and to it add ferrous sulphate solution and then 
dilute sulphuric acid. A dark-coloured solution is obtained. 
The dark colour is due to the same cause as the formation of the 
black ring in the test given above for a nitrate. In this case the 
colour was developed with dilute sulphuric acid and is due to the 
presence of a nitrite. 

Therefore, suppose ferrous sulphate is added to a given solution, 
and then dilute sulphuric acid, and a brown colour is developed in 
the solution, it shows that a nitrite is present. If no colour is given 
with dilute sulphuric acid, but a black ring is formed with strong 
sulphuric acid, a nitrate is present. 


Expt. 103. — To test for a nitrate and a nitrite in the same 
solution. — (i) Warm the given solution with dilute sulphuric acid. 
Brown fumes are evolved. A nitrite is suspected. 
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(2) To a fresh portion of the solution add ferrous sulphate 
solution and dilute sulphuric acid. A brown coloration confirms 
the presence of a nitrite. 

Take some of the solution and boil it with dilute sulphuric acid 
till a test sample from it gives no coloration with ferrous sulphate. 

Cool the solution which you have been boiling with dilute sul- 
phuric acid. 

To it add ferrous sulphate solution and then carefully run strong 
sulphuric acid down the inside of the tube. 

A black ring indicates the presence of a nitrate. 

Expt. 104. — Effect of heat on metallic nitrates. — Heat the given 
nitrate and tabulate your results. In each case write an account 
of what happens. Describe the gases which are given off and what 
the residue is like. 


Experiment 

Observation. 

Inference. 

I heated sodium ni- 
trate in a test-tube 



I heated lead nitrate 
m a test-tube 



I heated copper ni- 
trate in a test-tube 



I heated barium ni- 
trate in a test-tube 




Expt. 105. — Modes of action of nitric acid. 

Nitric acid is an extremely active body and is a powerful oxidising 
agent. 

The following experiments illustrate six different ways in 
which nitric acid may behave : 

(1) It may have no action at all. — ^Test the action of cold and 
hot nitric acid on the gold leaf supplied to you. 

(2) Passivating action. — Pour some strong nitric acid on iron 
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filings. A slight action starts and then stops. The iron will not 
dissolve it. The iron has assumed the “ passive ” state. If some 
water is poured into the tube the action proceeds with violence. 
One of the conditions necessary for “ passivating ” by this 
method is that the nitric acid should be concentrated. 

(3) Formation of an oxide of a metal, — Take a small piece of tin 
in a crucible or capsule. Add a few drops of strong nitric acid. 
A vigorous action takes place. A white powder is formed at the 
end of the reaction. It is tin oxide (Sn02). 

(4) Formation of an acid or an acid oxide. — Boil a small quantity 
of sulphur with strong nitric acid for a short time. Dilute the 
solution. Filter. To the filtrate add a solution of barium chloride. 
A white precipitate is produced in the presence of^ and is therefore 
insoluble in, nitric acid. 

This is the test for a sulphate : 


BaCU + II2SO4 - BaS04 

Barium with Sulphuric gives Barium 

chloride acid (or any sulphate 

soluble 
sulphate) 


+ 2HCI 

and Hydro- 
chloric 
acid 


The nitric acid has oxidised the sulphur to sulphuric acid. 

Perform a test to show that barium chloride gives no action with 
dilute nitric acid. 

(5) Destructive oxidation. — This takes place with the evolution 
of brown fumes, (a) Treat a piece of cloth with nitric acid and see 
how the fibre has become quite rotten. 

(b) Warm a little sugar with strong nitric acid. Brown fumes 
are evolved and sugar is oxidised to simpler substances. 

(6) Nitration: i.e., introduction of ‘‘nitro** (NO 2 ) group into 
organic substances. — Add a few drops of fuming nitric acid to a 
little benzene in a tube. Pour the mixture into water. Notice 
the new and pleasant smell of ‘‘ almond oil.” Contrast the smell 
with the odour of benzene. 

The reaction is represented by the equation : 


CJIe -h HNO3 - C5H5NO2 4 - H2O 

Benzene with N.^rfcid 8'^®® benzene 
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Nitric Oxide and Nitrogen Dioxide 

Expt. io6. — Nitric oxide. — In a fume closet fit up a small flask 
with a thistle funnel and a delivery tube, and arrange to collect 
the gas over water. The flask is supported on a retort stand. 
Heating is unnecessary. Put some copper turnings in the flask 
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and fit in the cork, taking great care that it is air-tight. Mix 
strong nitric acid with an equal volume of water and pour it into 
the flask through the thistle funnel and observe what happens. 
The flask is first filled with brown fumes, but as the generation 
of the gas proceeds the colour gets paler and paler until eventually 
the flask is quite clear. 
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Now place the cylinder filled with water over the delivery tube. 
A colourless gas collects in the cylinder. It is nitric oxide — NO. 

3Cu + 8HNO3 - 3Cu(N 03)2 -f 41130 4 - 2NO 

Copper treated strong gives Copper and Water and Nitric 

with Nitric nitrate oxide 

acid 

Collect several cylinders of the gas. 


Expt. 107.— Examine the properties of nitric oxide.— You 

cannot smell or taste the gas, because as soon as it comes into 
contact with air it combines with the oxygen of the air to form a 
new gas nitrogen dioxide (NO2). 


2NO 

Nitric oxide 
colourless 


with 


O2 = 2NO2 

Oxygen Nitrogen dioxide 

colourlesJ (brown gas) 


Test whether me gas will burn or support the combustion of a 
taper. Try to burn several bodies in it by heating them in a 
deflagrating spoon and thrusting the spoon quickly into a cylinder 
of the gas. It will be found to support combustion feebly. 

It is insoluble in water. 

Pass some of the gas into a solution of ferrous sulphate. The 
solution turns dark brown, almost black. It is to thi§ black solution 
of nitric oxide in ferrous sulphate that the “ black ring test for 
a nitrate and the brown coloration test for a nitrite are due. 

A is a test-tube partly 
filled with air. B is a tube 
partly filled with nitric 
oxide. Allow a bubble of 
nitric oxide to enter the 
tube A, Notice what 
happens. Put the thumb 
firmly on the mouth of A 
and shake up the tube. 

(See Fig. 63, page 117.) Replace the mouth of A under the 
water. The brown coloured gas (NOg) has disappeared. It is 
soluble in water. 
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2NO -f- O2 = 2NO2. 

Nitrogen dioxide is formed by the action of heat on certain 
“ heavy nitrates/^ 
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Expt. io8. — Preparation of nitrogen dioxide. — Heat some crystals 
of lead nitrate in a test-tube. Describe all you sec and hear, etc. 
Decrepitation takes place and brown fumes of nitrogen dioxide 
mixed with oxygen are given off. Smell the gas very cautiously. 
2 Pb(N 03)2 - 2PbO + 4 NO. + 0 . 

Lead on heat- l.ead and Nitrogen and Oxygen 
nitrate mg gives oxide dioxide 

(litharge) 

Collect a few jars of the gas by the downward displacement of 
air. 


Expt. 109. — Examine Ihe properties of nitrogen dioxide. 

(1) Test the gas to see if it will burn or support combustion. 

(2) Shake up one of the cylinders of gas with litmus solution. 
What do you observe ? 

(3) Is the gas solulde in water ? 

With water, nitrogen dioxide forms a mixture of nitrous and 
nitric acids. 


2NO2 + HoO 

dloxidf 


IIN03 

Nitric 

acid 


+ 

and 


HNO3 

Nitrons 

acid 


With caustic ‘soda the sodium salts of nitrous and nitric acids 


are formed. 


2NO2 

Nitrogen 

dioxide 


-h 

and 


2NaOIT 

Caustic 

soda 


- IIoO -I- 

give Water and 


NaNOa 

Sodium 

nitrite 


+ 

and 


NaN03 

Sodium 

nitrate 


Test the solution obtained by passing nitrogen dioxide into 
caustic soda (NaOII) for the presence of a nitrate and a nitrite 
(vide Expt. T03, page 105). 


Expt. no.— -Dissociation of nitrogen dioxide. — Collect a dry 
test-tube full of nitrogen dioxide by the displacement of air. Cork 
the tube loosely (i.e., do not push it in so that the tube is shut air- 
tight). Heat the tube in the Bunsen flame. The colour of the gas 
deepens until the tube becomes quite opaque. The tube before 
heating contained some molecules which are made up of two 
molecules of NO2 and therefore have the formula N2O4. When 
heated these molecules dissociate into simpler but darker coloured 
molecules of NO2. 

N2O4 ^ NO2 + NO2. 



NITRIC OXIDE AND NITROGEN DIOXIDE 


III 


The combination of two or more similar molecules to form a 
more complex molecule is called polymerisation. N2O4 is a polymer 
of NOa. 

When NO2 is cooled to a temperature of —9*^ C. it is converted 
into a colourless liquid (see below). 

Nitrogen dioxide is also called nitrogen peroxide. 

The only two brown gases you will meet in your course are 
nitrogen dioxide and bromine. 

Nitrogen dioxide can be distinguished from bromine by (i) its 
smell, (2) it gives a brown-coloured solution when passed into 
ferrous sulphate solution. Bromine does not do this. 

Confirm this by experiment. 


DEMONSTRATION 

Liquefaction of nitrogen dioxide. 
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Ammonia 

ExFf. Ill, — Preparation of ammonia, — Fit up a flask with a 

tube bent twice at right angles Fit the flask in a stand and 

set it in a sand-bath. 

Arrange a piece of cardboard with a hole through it on the ring of 
a retort stand and fixed at such a height that the free end of the 



tube from the flask can pass through it. The apparatus should be 
arranged as shown in Fig. 62. It is better to conduct the 
experiment in a fume closet or under a hood. 
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Pound up each of the two substances given to you separately 
in a mortar. One is an ammonium salt and the other is lime, 
i,e., calcium oxide (CaO). Pour a little water into the flask. Now 
mix the substances on a piece of paper. Do you notice that any 
odour is given out ? Put tlic mixture in the flask and fit up the 
apparatus. Heat the flask and collect the gas in a dry cylinder by 
upward displacement of air as illustrated above. You can ascertain 
when the cylinder is full of gas by putting a piece of moist pink 
litmus paper near where the delivery tube passes through the 
cardboard. When the litmus turns blue the cylinder is full. 
Remove the cylinder and close it with a cover-glass. Place another 
dry cylinder over the tube. The lime acts on ammonium salt 
thus : — 


2Nn,Cl 4 

Ammonium acted 
chloride on by 


Ca(OH)2 

Lime 


- CaCb + 

Calcium 

chloride 


sNII, 

Am- 

monia 


4 * 2 IT 2O 
and Water 


Expt. 1 1 2. — Observe the properties of the gas. 

Tabulate your results. 

(1) It is colourless. 

(2) It has a peculiar and pungent smell. 

(3) Ascertain whether it is a suj^porter of combustion and if it 
burns. 

(4) Invert a cylinder in water. Is the gas soluble ? 

(5) What is its reaction to litmus solution ? 

(6) Shake up a few drops of hydrochloric acid in a clean cylinder. 
Invert it over a cylinder of ammonia. What happens ? Why ? 

(7) Put a piece of moist turmeric paper in the gas. What 
happens ? 

You are given a solution of ammonia in water. 


Expt. 113. — Action of ammonia on copper sulphate solution.— 

Ammonia solution gives a bright blue coloration with a solution 
of copper sulphate. 

Expt. 1 14. — Ammonium hydroxide exists in solution. - Test in 
the solution of ammonia for the hydroxyl ” group (/.c., ion), 
(1) with litmus, (2) with phenolphthalein, (3) with ferric chloride 
solution. (See Demonstration ii, page 57.) 

DunniclilT^s Pract Chem I 
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When ammonia dissolves in water the solution contains a 
substance called ammonium hydrate or hydroxide (NH40n). 

NIIa+HaO-NH^On. 

The group (NH4) ammonium ” possesses distinct properties 
of its own. It is capable of being transferred from one compound 
to another and is called a “ compound radical.” It behaves like 
a metal and is therefore called a “ basic ” radical. 

There are many such radicals and several have already been 
mentioned : 


(NOa)^ 

(CH3COO)' 

(CO3)' 

(SO4)'' 

(HPO3)'' 

(PO4)'" 


a monobasic acid radical (nitric acid). 

„ ,, (acetic acid), 

a dibasic acid radical (carbonic acid). 

,, „ (sulphuric acid). 

,, „ (phosphorous acid), 

a tribasic acid radical (phosphoric acid). 


Expt. 115. — Tests for ammonia. — The test for ammonia depends 
upon the facts that it is the only gas in your course which 

(1) has the peculiar smell of ammonia, 

(2) turns red litmus blue, 

(3) turns turmeric paper brown. 


Expt. 116. — Testing ‘^unknown” substances for ammonia. — 

Test the given salts by boiling them with sodium hydroxide. All 
ammonium salts give off ammonia gas when warmed with sodium 
hydrate^ 

Expt. 117. — Ammonia is produced when feathers are subjected 
to dry distillation. — Heat some feathers in a test-tube and show 
that ammonia is among the volatile products of the dry distillation. 

Expt. 118. — Action of heat on ammonium salts. — Heat the 
given ammonium salts and write, in tabular form, notes on what 
you observe and the conclusions you come to in each case. 


Note on the Test for Hydroxides 

Solutions of some normal salts, e.g,, NagCOg, give the test for the 
hydroxyl ” group (ion). The group does not exist in the salt 
itself, but is due to the partial decomposition (hydrolysis) of the 
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salt when it is dissolved in water and therefore docs exist in the 
solution. Ij no acid radical can be detected by the systematic 
examination which will be given in the sequel and the solution gives the 
tests for the hydroxyl group, then the presence 0/ a soluble hydroxide is 
indicated. The original substance may have been an oxide or an 
hydroxide. If, on heating dry, the substance is not a salt, and it 
gives off water vapour, it was an hydroxide. 


DEMONSTRATIONS 

(1) You will be shown that when ammonia is heated with air 
it w'lll burn. 

(2) The solubility of ammonia by the fountain experiment.’^ 

(3) The adsorption of ammonia by charcoal (yide Demonstration 
5, Expt. 28, page 29). 

Draw sketches of the apparatus used and make notes on the way 
in which the experiments arc conducted. 



l^EMONST RATION 27 


Nitrous Oxide and Nitrogen 


Nitrous Oxide 


When ammonia gas is passed into nitric acid a salt of nitric 
acid called ammonium nitrate is formed. 


NII3 + TINO3 - NIT4-N03 

Ammonia Nitric acid Ammonium nitrate 


When this substance is heated ^it decomposes^ giving a new 
oxide of nitrogen called nitrous oxide (NgO). 


NIIPNO3 

Ammonium decomposes 
nitrate into 


2H2O 

Steam 


+ 

and 


N^O 

Nitrous 

oxide 


Expt. ii9.--Preparation of nitrous oxide, — Fit a boiling 
tube with a wide-bore delivery tube. Let this delivery tube lead 
to an evaporating basin containing hot water in which a tube 
containing hot water is inverted. The gas will be collected in the 
test-tube. 

Put some crystals of ammonium nitrate in the boiling tube and 
fit the cork in tightly. Now, having placed the end of the delivery 
tube under the test-tube in the evaporating basin carefully, heat the 
ammonium nitrate with a Bunsen flame. Notice what happens. As 
soon as the gas begins to come off, stop heating until the action has 
subsided. At first the gas will be contaminated with air, but after 
a short time the collecting tubes will contain practically pure 
nitrous oxide. Collect several tubes of the gas. 
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Expt. 120. — Examine the properties of nitrous oxide. 

(1) Describe the gas, giving its colour, smell, etc. 

(2) Test the gas to see if it is soluble in cold water. 

(3) Shake some of the gas up with ferrous sulphate solution. 
What happens ? 

(4) Does the gas support combustion ? Docs it burn ? 

(5) What is its action when shaken up with litmus solution ? 

After carefully examining the properties of nitrous oxide we shall 
find that it possesses the following properties in common witli 
oxygen. 

It is a colowless gas, neutral to litmus, and is a supporter oj 
combustion. 

No other gas possesses all these properties. It is true that 
nitVous oxide has a sweet smell, but it is difficult to distinguish it 
from oxygen by that test. 


Expt. 12 i. — To distinguish oxygen from nitrous oxide, — On the 

demonstration table you will find inverted in water three sets of 
tubes. 


Those labelled A are partially filled with oxygen. 









nitrous oxide, 
nitric oxide. 


Lift one of each carefully out by placing your thumb tightly 
at the mouth (see figure) and transfer them to your own pneumatic 
trough on your bench. The 
water in the tube acts as an air- 
tight seal, held in place by 
your thumb. 

(i) Now let a little of nitric 
oxide from tube C bubble 
into tube A (see Fig. 61, 
page 109). The gas in A will 
turn brown. (2) Let a little 
of nitric oxide from C bubble 
into the tube B containing nitrous oxide. There is no coloration 
developed in the tube. 

The distinction between nitrous oxide and oxygen is that oxygen 
gives a brown coloration with nitric oxide, nitrous oxide gives no 
coloration with nitric oxide. 
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Nitrogen 


Ammonia combines with nitrous acid to form ammonium nitrite. 

NH 3 -f nN 02 = NH4-N02 

Ammonia and Nitrous acid form Ammonium nitrite 

When ammonium nitrite is heated it decomposes irreversibly^ 
giving nitrogen and steam. 

NII^-NOa - Nj . -f 2II2O 

Nitrogen and Steam 

The direct heating of ammonium nitrite is apt to result in ex- 
plosion. For this reason it is better to heat a solution of sodium 
nitrite with an excess of ammonium chloride. If the ammonium 
chloride is not in excess explosions are likely to occur. 

Expt. 122. — Preparation of nitrogen. — The solution E is 
sodium nitrite and the solution F is ammonium chloride. The 
strengths of the two solutions are so arranged that if you take 
equal volumes of E and F, the ammonium chloride will be in 
excess. 

Mix equal volumes of the two solutions in a flask provided 
with a delivery tube which leads under a cylinder filled with water 
and inverted in a pneumatic trough filled with water. Fit the 
flask in a retort stand and heat it on a sand-bath. Nitrogen gas 
will be given off and will collect in the cylinder by displacement 
of water. 


The reaction which takes place may be represented by two 
equations. 


(i) NH4CI -f NaNO, 
Ammonium Sodium 

chloride nitrite 


give 


NH^-NOg 

Ammonium 

nitrite 


+ 

and 


NaCl 

Sodium 

chloride 


(2) NH4-N0a=N2-l-2H20 

or, writing the two equations in one, 

Nn4Cl -hNaNOa-NaCl +2H2O FN^. 


Expt. 123. — Observe the properties of the gas. 

(1) It is a colourless, tasteless, odourless gas. 

(2) It is a non-supporter of combustion. (Try several substances, 
e.g., S, C, Mg, etc.) 
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(3) It is neutral to litmus. 

(4) It gives no reaction with ferrous sulphate solution. 

(5) It does not bleach. It gives no coloration with nitric oxide. 

(6) It has no action on lime-water (distinction from carbon 
dioxide). 

Expt. 124. — Identification of gases. — Heat the given substances 
Gy H, Jy K in a test-tube, and in each case detect what gas is 
given off (if any). 

(Any of the gases dealt with up to the present stage of study 
may be expected. They comprise oxygen, hydrogen, hydrochloric 
acid, chlorine, carbon dioxide, carbon monoxide, nitric oxide, 
nitrogen dioxide, nitrous oxide and nitrogen.) 

Tabulate your results. 


DEMONSTRATIONS 

(1) When air is passed over red-hot copper the copper combines 
with the oxygen of the air and atmospheric ” nitrogen passes over. 

Atmospheric ’’ nitrogen is not pure nitrogen. The copper oxide 
is heated in a hard glass tube in a furnace. 

2Cu -j- O2 — 2CuO 

Copper combines with Oxygen giving Copper oxide 

(2) Phosphorus will be burnt in a bell jar inverted in a trough of 
water. 

The volume of air should be marked before the phosphorus is 
lighted. After the experiment it will be found that the residual 
nitrogen occupies about four-fifths of the space originally occupied 
by air. 

Draw diagrams of the apparatus and describe the experiment 
briefly. 


Notes to Demonstrators 

For E and F dissolve equal weights of sodium nitrite and 
ammonium chloride in equal volumes of tap water. The solutions 
should be as concentrated as possible. 

For Gy Hyjy Ky etc., give such substances as potassium chlorate, 
ammonium carbonate, sodium oxalate, sodium carbonate, ammo- 
nium nitrate, lead nitrate, red lead, etc. 
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Sulphur 

Phosphorus and Phosphoric Acid 

Expt. 125. — Ordinary roll sulphur. — (a) Examine the g^iven 
specimen. Give an account of its properties. Notice how brittle 
it is. 

(b) Put a little in a test-tube and heat the tube very gently by 
holding it at some little distance from the flame at first. It melts 
to a pale yellow, mobile liquid which is quite clear. On further 
heating it darkens in colour and at the same time becomes viscous 
(t.e.j thick and difficult to pour). Eventually it becomes almost 
black. The substance becomes so ^thick that the tube can be 
inverted. Continue heating and it will be found that its density 
again diminishes and it can be poured into cold water. This 
converts the sulphur into an allotropic modification called plastic 
sulphur. 

Expt. 126. — Plastic sulphur. — An ''elastic” substance is one 
which, when deformed from its ordinary shape by the application 
of an external force, will resume its former shape when relieved of 
the force which was applied to it. " Plastic ” substances can be 
deformed by the application of a force, but do not reassume their 
former shape when relieved of the force. 

If plastic sulphur is allowed to stand, the sulphur becomes hard 
and loses its plastic property. 

Expt. 127. — Flowers of sulphur are produced by heating sulphur 
till it boils and then condensing the vapour on a cold surface. 

Expt. 128. — Rhombic sulphur. — Dissolve some roll sulphur in 
a little carbon disulphide in a test-tube. Filter the solution into 
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a small basin and set it on one side. The solvent carbon disulphide 
evaporates and leaves pale yellow crystals of rhombic sulphur 
on the walls of the basin. 

Select a good crystal and make a sketch of it. Use a lens if 
necessary. 

Expt. 129. — Prismatic sulphur will be prepared before the class 
by the demonstrator. 

Sulphur is added in small quantities to a small vessel which is 
gently heated. The sulphur is melted but should not be allowed 
to darken. Careful heating is essential. The temperature of the 
molten sulphur should not rise above 120° C. When sufTicient 
sulphur has been melted and the liquid is limpid and of a pale 
yellow or amber colour, remove the vessel from the burner. Allow 
the liquid to cool and a crust will be seen to form over the surface 
of it. 

Break two holes through this crust and through one pour ofE 
what sulphur still remains in the molten condition. Cut away 
what remains of the crust. Fine needles of “ prismatic sulphur 
will be seen standing vertically on the walls of the beaker. These 
needles change into the rhombic form on standing for some time. 

Expt. 130. — Milk of sulphur is formed when a solution of poly- 
sulphides is treated with dilute hydrochloric acid. (Add the acid 
to the polysulphides.) 

A second method . — Mix a solution of sulphuretted hydrogen 
with solution of sulphur dioxide. 

2TT2S + SO2 — 21^20 + 3S. 

From the above experiments you learn that sulphur can exist 
in several forms. When an element can exist in more than one 
distinct form, each form having different physical properties, the 
element is said to exhibit ‘‘ allotropy.” The various different 
forms are called allotropic ” modifications of the element. 

This property has already been observed in the case of carbon 
(Demonstration 15, page 73). 

When sulphur combines with another element the compound 
formed is called a sulphide. Sulphides may often be formed 
“ synthetically,” i.e., built up from their elements. 
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Expt. 1 31. — Heat a mixture of sulphur (4 parts) and iron (7 
parts). When the action starts remove the tube from the burner. 
Describe carefully all that happens. 

The substance formed is iron sulphide. 

Fe 4- S ~ FeS 

Iron with Sulphur gives Ferrous sulphide 

Expt. 132. — Action of nitric acid on sulphur.— Show that when 
sulphur is heated with nitric acid sulphuric acid is formed. 
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Phosphorus 

Phosphorus also exhibits the property of allotropy. 

Expt. 133. — Compare the properties of the two forms of 
phosphorus. 

Write the report in tabular form. 

(1) Yellow phosphorus. 

(2) Red or amorphous phosphorus. 


Properties. 

Yellow 

phosphorus 

Red 

phosphorus. 

Description 



Colour . . 



Smell 



Solubility in water 

,, in carbon disulphide 


! 

Inflammability 


i 

Phosphorescent (take the speci- 
men into the dark room) 




Expt. 134. — Nitric acid oxidises phosphorus to phosphoric acid. — 

Boil some red phosphorus with nitric acid. Let any unattacked 
phosphorus settle and then pour off the liquid into another tube. 
Boil some ammonium molybdate solution with nitric acid. 

Mix these two liquids together and boil again. 

A yellow precipitate indicates the presence of phosphoric acid. 
If the yellow precipitate does not form at once, stand the tube on 
one side. The precipitate should appear in a few minutes. 

This reaction is given by all phosphates^ 
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Sulphuretted Hydrogen, Hydrogen Sulphide, HgS 
Preparation of Sulphureited Hydrogen 

Expt. 135. — Prepare this gas in a fume closet. — Fit up an appa- 
ratus like that used in (Fig. 50) the preparation of carbon dioxide gas 
(Demonstration 16, page 75). The gas must be collected by dis- 
placement of air as it is soluble in water. It may be collected over 
hot water, but the first method is more satisfactory. Put some 
water in the bottom of the Woulfe’s bottle and then some small 
pieces of ferrous sulphide. Fit in the cork and pour hydrochloric 
acid or dilute sulphuric acid into the bottle through the thistle 
funnel. The tube of the thistle funnel must dip below the liquid 
in the bottle. 

Write an equation representing the action. 

Collect several cylinders of the gas. 

Expt. 136. — Examine the properties of the gas. 

(1) Observe (i) its colour. 

(ii) its smell. 

(iii) its action on litmus. 

(iv) its solubility. 

(2) Is the gas a supporter of combustion or does it burn ? 

(3) Does it turn lime-water milky ? 

(4) Dip a piece of paper in lead acetate solution and then put it 
in the gas. The paper is turned black owing to formation of lead 
sulphide (PbS). 

This constitutes a test for sulphuretted hydrogen gas. 
(CH3-COO)2Pb -h H2S = 2CH3*C00H + PbS 

Lead acetate with Sulphur- gives Acetic acid and Lead 

etted acetate 

hydrogen 
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(5) The presence of the gas in solution may be detected by shaking 
the solution up with a suspension of cadmium carbonate in water. 
If the suspension turns yellow the presence of sulphuretted hydrogen 
in solution is indicated. It has converted the white carbonate 
into cadmium sulphide, which is yellow. 

CdCOs + IlaS - CdS 4- HoO + CO., 

Cadmium with Sulphur* gives Cadmium and Water and Carbon 

carbonate etted sulphide dioxide 

(white) hydrogen (yellow) 

Lead carbonate may also be used. In this case the white sus- 
pension is turned black (FbS) by the action of tlie sulphuretted 
hydrogen in the solution. 

The presence of carbon dioxide docs not interfere with this test. 

Expt. 137. — Test for all sulphides. — (i) Heat any sulphide 
strongly with sodium carbonate under the blowpipe. Remove the 
fused mass and put it on a silver coin. Moisten the mass with 
water. If the coin turns black there was sulphide present. Tlie 
coin turns black (tarnishes) because the surface of the silver is 
converted into sulphide. 

(2) If a sulphate is heated with sodium carbonate and carbon, 
the carbon reduces the sulphate to sulphide and the above test for 
a sulphide is given. 

A kipp is an apparatus by the use of which a 
continuous stream of sulphuretted hydrogen 
may be obtained. (See Edg. 64 ) 

Bulb No. T is in direct and continuous con- 
nection with the tube which passes to the bottom 
of the apparatus. The joint at A is air-tight. 

In bulb No, 2 ferrous sulphide in the form of 
short sticks is placed. The ferrous sulphide is 
prevented from slipping into the lowest bulb by 
the perforated collar at B. The bulb No. 2 is 
fitted with a glass tap. Acid is poured in 
through the thistle funnel and falls into the 
bulb 3. Open the tap and the acid rises to the 
bulb No. 2. Here it finds the ferrous sulphide 
and attacks it, forming sulphuretted hydrogen 
which passes through the tap. Turn off the 
tap. The gas continues to be generated so long 
as the acid is in contact with the sulphide. As 
the tap is turned off the pressure inside No. 2 



Fig. 64. 
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increases and forces the acid out of No. 2, and up into No. i. The 
action now stops. When gas is required the tap is turned on and a 
plentiful supply is obtained. 

By using marble and hydrochloric acid or zinc and hydrochloric 
acid a continuous stream of carbon dioxide or hydrogen respec- 
tively may be obtained in a similar apparatus. 

For the following experiments use the supply of sulphuretted 
hydrogen from a “ kipp.’’ 

Expt. 138. — Action of sulphuretted hydrogen on the given 
solutions. — Pass the gas through the following solutions (A~ G) 
and try to write equations representing the changes taking place 
in each of the reactions. 

In each case describe in your note-book all that happens. 

Write your results in tabular form. 

(A) Zinc sulphate (ZnS04) solution (acid). 

jy )) (alkali). 

(B) Copper sulphate (CUSO4) solution (acid). 

(C) Arsenious acid (HjjAsOg) in presence of IICl. 

(D) Solution of iodine in water. 

(E) Ferric chloride (FeClg) solution (acid). 

(F) Potassium permanganate (KMn04) with dilute sulphuric 
acid. 

(C) Sulphurous acid (H2SO3). The correct equations will be 
found at the end of the demonstration. 


DEMONSTRATION 

You will be shown another apparatus (Fig. 65) for obtaining a 
continuous supply of sulphuretted hydrogen as required. A and 
B are two aspirators connected by a rubber tube on which is slipped 
a pinch-cock. This may be used to close the connecting tube 
when necessary. 

The mouth of A is open, but it may have a guard tube fixed in it. 
Acid (dilute HCl or H2SO4) is in A and sulphide in B. The clip C 
is open. To generate the gas raise A on the block as shown. 
Open the tap D. Acid runs into B and generates the gas. The 
vessel into which it is desired to pass the gas is connected to D by 
a rubber tube. To stop the generation of the gas : Turn off the 
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tap at D and put B on the block and A on the table. The acid 
runs from B to A and the action ceases. 



Equations 


Expt. 136 (2). Partial combustion. 


2H2S + O2 = 2S 4 - 

^hydrogen^*^ Oxygen gives Sulphur and 

Complete combustion. 

2II2S + 3O2 = 2S0a + ' 

Sulphur dioxide 

Expt. 137. Test for a sulphide. 

NaaCOa 4 PbS = Na2S 4 - PbO 

Sodium heated Lead • Sodium Lead 

carbonate with sulphide ^ sulphide ‘ oxide 


2H2O 

Water 


2H2O 


+ 

and 


CO2 

Carbon 

dioxide 


Expt. 138. Reactions with sulphuretted hydrogen on salt and 
other solutions. 

{A) Zinc sulphate in acid solution — no action. 

In alkaline solution 


ZnS04 4 H2S = ZnS 4 ^2^04 

Zinc Sulphuretted Zinc sulphide This acid is 

sulphate hydrogen (white neutralised by 

precipitate) the alkali present 


{B) CUSO4 4 HaS 

Copper 

sulphate 


CuS + HaS04 

Copper sulphide 
(black precipitate) 
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(C) 2H3ASO3 + HCl + 3HaS 

Arsemous 

acid 


- AS2S3 + HCl + 6H2O 

Ammonmm 

sulphide 

(yellow 

precipitate) 


(U) I, + H,S 

Iodine 

(brown solution) 


2HI + S 

Hydnodic acid Sulphur 
(colourless) (white precipitate) 


{E) 2FeCl3 -H H 2 S 

Ferric chloride 
(yellow 
solution) 


- 2FeCl2 h 2IICI 

Ferrous chloride 
(pale green 
solution) 


Sulphur 

(white 

precipitate) 


(F)2KMn04+3H2S04 4-5H,S=K2S04H-2MnS04-l 8II2O + 5S 

Purple solution turns colourless and sulphur is precipitated. 

(C) H,S03 + 2H.4S 3S + 31120 

Sulphurous acid Sul|ihur Water 



DEMONSTRATION 30 


Sulphur Dioxide 
Sulphites and Thiosulphates 

The equations representing the reactions which take place will 
be found at the end of the demonstration. 

Expt. 139.— Preparation of sulphur dioxide. — Fit up an apparatus 
like that used for the preparation of hydrochloric acid gas (Fig. 
47, page 61). Place a piece of gauze under the flask. Sec that the 
delivery tube dips to the bottom of the cylinders. Take care that 
the cylinders used for the collection of the gas are dry. Into the 
flask put some copper turnings and fit the cork in tightly. The 
apparatus should be set up in a fume closet, as the fumes of the gas are 
very irritating and ohjecticnable. Now pour sufficient sulphuric 
acid through the thistle funnel to cover the copper turnings and the 
end of the thistle funnel tube. Heat with a Bunsen burner until 
the acid just boils and the gas is coming off. Then lower the gas 
until the heat is just sufficient to keep the stream of gas coming 
steadily. 

Write the equation for what happens. 

Collect several cylinders of the gas. You can tell when the 
cylinder is full either by the fact that a match put near the cylinder 
of the gas is extinguished or by the action of the gas on moist blue 
litmus paper. The colour is turned to pink when the cylinder is 
full. 

Expt. 140. — Observe the properties of the gas. Tabulate your 
results. 

(1) The gas is colourless. 

(2) It has a powerful and irritating odour. The smell is usually 
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described as the smell of “ buriTing sulphur.” Take care to smell 
it very cautiously. If you inhale too much of the gas the result is 
very painful. 

If, by accident, you inhale the gas and feel any distress, go into 
the open air and breathe deeply. Call to the laboratory assistant 
for boiling water and breathe the steam. It will give you some relief. 

(3) See if it is soluble in water by inverting a cylinder full of the 
gas in a trough of water. 

(4) Pass some of the gas into water. Taste a drop of the water 
afterwards. 

(5) Ascertain whether gas supports combustion or lmms. 

(6) Shake some flowers up with the gas. Wliat happens ? 

Now moisten some flowers with water and shake them up with 

the gas. The flowers are bleached after a short time. This 
bleaching is due to reduction (SO2T2H2O --Jl2S04-f-2ll3), whereas 
the bleaching action of chlorine is due to oxidation (2Cl2-f2ll20-= 

4110+02). 

The colour bleached by chlorine cannot be restored, but when a 
colour has been bleached by sulphur dioxide it can often be restored 
by shaking the bleached flowers with dilute sulphuric acid. The 
‘‘ restored ” colour is not always the same shade or colour as it was 
originally. 

Shake your bleached flowers with dilute sulphuric acid and 
describe all you see. 

(7) Shake some litmus solution in a cylinder of the gas. What 
do you see ? 

Expt. 141. —Reducing action of sulphur dioxide.— (8) Pass 
sulphur dioxide gas through the following solutions. Write equa- 
tions. 

A. Potassium dichromate acidified with dilute sulphuric acid. 

B. Potassium permanganate acidified with dilute sulphuric acid. 

C. Sulphuretted hydrogen (hydrosulphuric acid) in water. 

Expt. 142. — Test for sulphur dioxide. — Into the gas put a piece 
of filter paper moistened with an acid solution of potassium 
dichromate. If the colour turns from yellow to green or bluish- 
green, 


Sulphur dioxide is present. 
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Apply this test to the following reactions : 

(1) Heat zinc with strong sulphuric acid. 

(2) „ carbon „ „ „ 

(3) sulphur „ „ „ 

(4) Heat “ hypo ” with dilute sulphuric acid. 

Write equations for the reactions which take plac'c. 

When sulphur dioxide dissolves in water sulphurous acid ’’ is 
formed. 

SO2 + Tlob - H2SO3 

The formula 11.280^ .shows that the acid contains two atoms of 
hydrogen. Both these atoms of hydrogen are replaceable by a 
metal (or its e([uivalent). The acid is therefore dibasic acid^ and 
forms two series of salts. (See Demonstration 17^ page 79) : 

(1) Acid sulphites or bisulphites, e.g., NallSOa. 

(2) Normal sulphites, e.g.^ NaaSOg. 

Expt. 143. — Tests for sulphites. — Write equations, (i) All 
sulphites, when treated with dilute hydrochloric at'id, give off 
sulphur dioxide gas. There is no separation of sulphur. 

The gas is detected by (i) its smell ; (2) the bichromate test 
(see above, Expt. iqr, A). 

(2) To a solution of a sulphite add barium cliloride solution. 
A white precipitate of liarium sulphite (BaSOg) comes down. This 
precipitate is soluiile in dilute hydrochloric acid with evolution of 
SO2. 

(3) Add bromine water to a solution of a sulphite. The bromine 
water is decolorised. Boil off any excess of bromine. To the 
solution add barium chloride solution. White precipitate. To 
the precipitate add HCl and warm. The precipitate is insoluble 
and no SO2 is evolved. Therefore sulphite is absent. The 
precipitate is barium sulphate. The sulphite was oxidised to 
sulphate by bromine water. 

Note. — All acids the names of which end in ous form salts 
the names of which end in ite. 

Sulphurous acid gives a sulphMo. 

Chlorous acid gives a chloriXo. 

Phosphorous acid gives a phosphiio. 


K 2 
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When an acid the name of which ends in ous is oxidised it 
forms an acid the name of which ends in ic. The names of salts 
of acids the names of w'hich end in “ ic ’’ have the termination 
ate, e.g.y sulphurt?//^ acid on oxidation yields sulphiir/f: ” acid, 
wiiich in turn gives salts called sulphai!^^.’’ 

The nomenclature is quite regular, eg., for a typical case of an 
acid exhibiting progressive oxidation -that of the chlorine acids. 

The “ stem ” of the words is printed in black and the prefixes 
and suffixes which are peculiar to the degree of oxidation are 


printed in italics. 
HydrocYiXortc 

acid, 

nci, 

gives 

chlor/^/^. 9 . 

HypofMoxoiis 

a('id, 

HCIO, 

gives 

hypochlorites. 

thlorous 

acid, 

11C1O2, 

gives 

chlorites. 

chloric 

acid, 

IICIO,, 

gives 

chlor^ 2 /r 5 . 

Perchloric 

acid. 

HC 10 „ 

givc.s 

perchlorates. 


If the oxygen of an acid is partly or completely substituted by 
sulphur the prefix thio is written in front of the name of the acid, 
e.g., if the oxygen of sulphuric arid, H2SO4, is partly replaced by 
sulphur we get an acid, H2S2O3, called “ thiosulphuric ” acid. 
Similarly, if the oxygen of arscnious acid, IlgAsOg, is completely 
replaced by sulphur the acid IlgA^Sg, or thioarsenious acid,’’ is 
produced. 

Expt. 144,— Preparation of a thiosulphate.— Boil some sodium 
sulphite solution with flowers of sulphur for a few minutes. Filter 
the solution. The crystals of the substance formed will have 
the formula Na2S203,5lI.20, .sodium thiosulphate or “ hypo,” 
produced by the addition of sulphur to sodium sulphite. 

NaoSOg -h S - Na^SgOg 

Sodium sulphate and Sulphur give Sodium thiosulphate 

Warm some of the filtrate with dilute hydrochloric acid. SOg 
is evolved (test) and yellow sulphur is deposited. 

The simultaneous evolution of sulphur dioxide and separation 
of sulphur is a reaction peculiar to thiosulphates. For these ex- 
periments use the ‘‘ hypo ” or commercial sodium thiosulphate 
provided. 

Expt. 145. — Tests for a thiosulphate. 

(i) Warm some “ hypo ” dry in a test-tube. Show that both 
SO2 and H2S are evolved. 
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(2) Treat a solution of “ hypo ” in water with dilute hydrochloric 
(or sulphuric) acid. SOg is evolved (test) and a yellow prccipiUite 
of sulphur is thrown down (distinction from a sulphite). 

(3) Add barium chloride solution to a solution of “ hypo.” No 
precipitate is formed (distinction from sulphate and sulphite). 


Equations 


Expt. 139.- 
2H2SO4 + 


Preparation of sulphur dioxide. 

Cu -= CUSO4 + 2IT2O 
and Water 




-f SO2 

, Sulphur 
<l.oxKle 


Expt. T 41 .— Reducing action of sulphur dioxide. 


(. 4 ) K,CrA f ir,SO, 

+ 3 ^i 2 ^ I' 

3SO2 

Potassium Sulphuric 

\Valer 

Sulphur 

dirhromato acid 


dioxide 

(yellow) 

(>2(804)3 1- 

K2SO4 -1- 

4H2O 

rea('t Chromium 

Potassium 

Water 

to give sulphate 

sulphate 


(green) 

(B) 2KMnO, 1- 

5TC0 I- 

5SO2 

Potassium 

Water 

Sulphur 

permanganate 

dioxide 

= 211,804 + K2SO4 

+ 2]\InS04 

f 3112O 

Sulphuric Potassium Manganese 

Water 

0 acid sulphate 

sulphate 

(C) 2H2S + SO2 

= 2II2O 

+ 3S 

Sulphuretted ^ Sulphur 

hydrogen ^ dioxide 

give Water and Sulphur 


Expt. 142. -Action of sulphuric acid on certain substances. 

Zn+n2S04=--ZnS04+2TJ20+S02 
C + 211 2SO4 2 HgO -[- CO2 + 2SO2 
S+21I2S04-2H20+3S02 

NaaSaOg + 1 [ 2 SO 4 - Na2S04 + H 2 O H SOo 4 S 


Expt. 143 (3). — Oxidation of a sulphite to a sulphate by bromine 
water. 


Br2 + IT2O + 

Bromine Water 


Na 2 S 03 

Sodium 

sulphite 


Na2S04 + 2HBr 
Sodium Hydrobromic 

sulphate acid 
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Tests for Sulphur Acids 

I use the term sulphur” arid to mean acids containing 
sulphur in their constitution, rf. chlorine acid. 

Write equations representing the actions which take place. 

Expr. I [6. -Tests for hydrosulphuric acid and sulphides. — Revise 
the tests for hydrosulphuric acid (sulphuretted hydrogen) given in 
Expts. 136 and 137, page 125. ’Use solid or solution A (NuaS). 

Expt. 147.— Tests for sulphurous acid and sulphites. — Revise 
the tests for sulphurous acid given in Expt. 143, page 131. Use 
solid or solution B (Na2S03). 

Expt. 148.— Tests for thiosulphuric acid and thiosulphates. — 

Revise the tests for thiosulphuric acid given in Expt. 145, page 
132. Use solid or solution C (Na2S203). 

Expt. 149.— Tests for sulphuric acid.— (i) Vide Expt. 137 (2), 
page 125. Use (Na2S04). (ii) To the solution D (Na2S04) 
add barium chloride (BaCl2) solution. A heavy, white precipitate 
of barium sulphate (Ba504) is thrown down. It is insoluble in 
hydrochloric acid, (iii) To the solution D add a solution 
of lead acetate [(CH3*COO)2 Pb]. A white precipitate of lead 
sulphate is thrown down. The lead sulphate is soluble in 
ammonium acetate solution. 

Expt. 150. — Test the substances E, F, G, and find out if any 
sulphur acid is present, and if so which is present of the four acids 
the tests of which are given above } 
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Method : — 


Experiment 

Observation. 

Inference. 

Warm the sub- 

I No action. 

No sulphur acid at 

stance with 


all or possibly 

dilute hydro- 


a sulphate. 

chloric acid. 

2. SO2 evolved (test). 

A sulphite is pres- 


Solution clear. 

ent. 


3. SO2 evolved (test). A 

A thiosulphate is 


precipitate of sulphur 

present. 


IS thrown down. 

4. H2S evolved (test 

A sulphide is 


with lead acetate 

present. 


paper). 


The substance is soluble in water. 


Observation. 


Experiment. 


B. Shake the solu- 
tion with cad- 
mium carbon- 
ate. Or — 
Shake solution 
with lead car- 
bonate 

To the solution I 
add barium 
chloride solu- 
tion. 


To solution add 
solution of 
iodine in po- 
tassium iodide. 


Suspension goes yellow 


Suspension goes black. 


No precipitate. 


White precipitate 

(1) Soluble in HCl SOj 
evolved (test). Solu- 
tion clear. 

(2) Soluble in HCl. SOg 
evolved (test) (Solu- 
tion contains sulphur.) 

(3) Insoluble m HCl. 
(boiling). 

Solution is decolorised. 
No precipitate. 


Inference. 


j" Sulphide present. 


Sulphide or ihio- 
sulphate may be 
present. (See 
above ) 

Sulphite present. 


Thiosulphate pres- 
ent. 

Sulphate present. 

Thiosulphates and 
sulphites do this. 
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The substance is insoluble in water. 

Boil the substance with strong sodium carbonate solution. 
Filter. Double decomposition will take place and the sodium 
salt of the acid will exist in the solution together with excess 
of sodium carbonate. 


Experiment. Observation. 


Inference. 


To the filtrate add 
dll hydrochloric 
acid. 


Boil the filtrate with 
dll hydrochloric 
acid till all CO2 has 
been given off Add 
barium chloride 


♦ILS evolved (lead 
acetate test). 

*S02 evolved (bichro- 
mate paper test) . Solu- 
tion clear. 

*S02 evolved Yellow 
precipitate of sulphiii 

White precipitate insrd- 
uble in hydrochloiic 
acid. 


Sulphide present. 
Sulphite present. 


Thiosulphate pres- 
ent. 

Sulphate present. 


* The CO2 evolved simultaneously with HgS or SO^ docs not affect 
the tests for HgS or SO2 


Sulphuric Acid 

Commercial sulphuric acid, or “ oil of vitriol/^ may contain 
certain impurities. 

Specimens of impure acid are put on the demonstrator’s table. 
Test them as described below for the impurities named. 

When diluting sulphuric acid always add the acid to the water — 
not vice versa. 


Use small quantities 

Expt. 151.— (a) Test for the presence of sulphur dioxide.™ 

Dilute a little of the acid. 

Add a few drops of a freshly prepared solution of potassium 
ferricyanide, K3Fe(CN)8. Add a few drops of ferric chloride. A 
blue coloration (Prussian blue) indicates the presence of sulphur 
dioxide. 
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Explanation. — ^The sulphur dioxide reduces the potassium 
ferricyanide to fcrrocyanide. The potassium ferrocyanide reacts 
with ferric chloride to give Prussian blue. 

3K4Fe(CN), + 4FeCl3 - Fc4(Fe(CN)e)3 + * 12KCI 

Potassium ferrocyanide Prussian blue 

{b) Test for the presence of oxides of nitrogen. — Add the con- 
centrated acid to a freshly prepared solution of ferrous sulphate 
as in the test for a nitrate (Expt. ioi,page 104). A black ring or 
black coloration indicates the presence of oxides of nitrogen. 

(e) Test for the presence of iron. -'Dilute a little of the acid 
(five times). Add dilute potassium ferrocyanide solution. A 
blue or green coloration indicates the presence of iron in the acid. 

{d) Test for the presence of lead sulphate.- Dilute the acid and 
let it stand. A white cloudiness or precipitate indicates the 
presence of lead sulphate. If no precipitate appears add alcohol. 
If the solution remains clear on standing lead sulphate is absent. 
The precipitate should be soluble in a solution of ammonium 
acetate. 

(e) Test for the presence of arsenic. — The demonstrator will show 
you Marsh’s test. 

An apparatus for generating hydrogen is set up and, when the 
gas is coming off in the pure state, the jet is ignited. A cold, 
white vessel is depressed into the flame. If no black deposit forms 
the hydrogen is free from arsenic (or antimony). Blow out the 
flame. Pour some of the acid in the Woulfe’s bottle through the 
thistle funnel. When the gas is pure (test) light the jet again. 
Once more depress the cold porcelain in the flame. If a black 
film, soluble in sodium hypochlorite, is deposited on the porcelain 
arsenic was present in the given sample of sulphuric acid. 

Draw a diagram of the apparatus in your note-book. 

Sodium hypochlorite is made when required by adding chlorine 
water to cold sodium hydrate solution. 

2NaOII 4- Cl 2 - NaOCl H- llfi + NaCl. 

Sodium 

hypochlorite 
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Tests for kcuy^ —continued 

The Halogren Acids 

Write equations representing the reactions which take place. 
I'he correct equations will be found at the end of the demonstration. 

Kxpt. 152.— Test of hydrochloric acid, IICl. 

Use sodium chloride, NaCl. 

1. To a solution of the salt in water add silver nitrate (AgNOg) 
solution. A white curdy precipitate of silver chloride comes down. 
The precipitate is insoluble in strong hot nitric acid. It is soluble 
m ammonium hydrate, NH4*OH. 

2. Mix some sodium chloride with a little manganese dioxide, 
Mn02, and put it in a test-tube. Add sulphuric acid. Chlorine 
is given off. Test the chlorine (i) by its odour, (2) by its action 
on potassium-iodide -starch paper (blue coloration). 

(3) When strong sulphuric acid acts on a chloride, hydrochloric 
acid gas (HCl) is evolved. It fumes in air. With ammonia it 
gives dense white fumes of ammonium chloride (NH4CI). 

Expt. 153. — Hydrobromic acid, HBr. 

Use sodium, NaBr, or potassium bromide, KBr. 

1. To the solution of potassium bromide add silver nitrate 
solution (AgNOg). A yellowish-white precipitate of silver bromide 
(AgBr) is produced. It is sparingly soluble in ammonium hydrate, 
insoluble in nitric acid. 

2. Mix some bromide with a little manganese dioxide (MnOg) 
and put it in a test-tube. Add strong sulphuric acid (HgSO^) 
and warm. Dense and suffocating brown fumes of bromine are 
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evolved. If these fumes are passed into ferrous sulphate 
solution no black coloration is produced (distinction from nitrogen 
dioxide). Starch paper is coloured yellow. 

3. To a bromide add strong sulphuric acid. Dense white fumes 
arc given off which give a white cloud with ammonia. The fumes 
will probably be contaminated with bromine. 

4. To a solution of a bromide add chlorine water and carbon 
disulphide. Shake up the mixture. The chlorine releases. bromine 
from the potassium bromide and this free bromine dissolves in 
carbon disulphide^ giving a yelloiv or hrenvn solution, which sinks to 
the bottom of the tube owing to the insolubility of carbon disul- 
phide in water. 

Expt. 154. — Hydriodic acid, HI. 

Use potassium iodide, KI. 

1. To a solution of potassium iodide add silver nitrate (AgNOs) 
solution. A yellow precipitate of silver iodide (Agl) comes down. 

It is insoluble 'in nitric acid (HNO3) and practically insoluble in 
ammonium hydrate. 

2. Mix some of the iodide with manganese dioxide and put the 
mixture in a test-tube. Pour strong sulphuric acid on the mixture 
and warm. Violet-coloured vapours of iodine arc evolved. The 
iodine will condense on the cool parts of the tube as a black or 
greyish-black solid. The vapour of iodine turns moist starch paper 
blue. 

3. If an iodide is treated with strong sulphuric acid, hydriodic 
acid mixed with iodine is given off. 

4. To a solution of an iodide add chlorine water and carbon . 
disulphide. Shake up the mixture. The chlorine releases iodine 
from the potassium iodide. The iodine dissolves in carbon di- 
sulphide, forming a fine violet solution which sinks to the bottom 
of the tube owing to the insolubility of carbon disulphide in water. 

5. To a solution of potassium iodide add a solution of mercuric 
chloride (IlgC^). A yellow precipitate which changes to a red 
colour is produced. It is soluble in excess of either reagent. 

Expt. 155.— Hydrofluoric acid, HF. 

Use any fluoride. Say calcium fluoride, CaF2. 
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1. Silver nitrate gives no precipitate with a solution of a fluoride 
because silver fluoride is soluble in water. 

2. When a fluoride is treated with strong sulphuric acid, hydro- 
fluoric acid is evolved. This attacks the glass of the tube by dis- 
solving silica. 

If the upper part of the tube is seen to become etched it may 
be assumed that hydrofluoric acid is present. To confirm this 
mix some calcium fluoride with some sand or silica in a small 
leaden capsule. To the mixture add strong sulphuric acid. 
Silicon tetrafluoride (SiF4) is evolved. In the vapour hold a 
glass tube on the end of which is hanging a drop of water. The 
silicon tetrafluoride attacks the water, giving a gelatinous mass of 
silicic acid (tLSiOa) which hangs as a blob on the end of the 
glass rod. 

Expt. 156.— Chloric acid, IICIO3. 

Use potassium chlorate, KCIO3. 

1, Heat small quantity of the substance in a test-tube — oxygen 
is evolved. 

2. Take a very small quantity of the salt and put it in a test-tube. 
Pour a small quantity of strong sulphuric acid on it. Warm very 
gently. A series of explosions takes place in the test-tube. This 
reaction is characteristic of chlorates. 


Equations 


Hydrochloric Acid 


I. 


2. 


NaCl -f 

AgNO, = 

AgCl 

+ 

NaN 03 

Sodium and 

Sliver give 

Sliver 

and 

Sodium 

chloride 

nitrate 

chloride 

nitrate 

MnOg 

q- 2 NaCl 

-1- 

3H2SO4 


Manganese 

and Sodium 

and 

Sulphuric 

give 

dioxide 

chloride 


acid 


2 NaHS 04 + 

Cl, + 

MnSO.! 

+ 2ir,o 


Sodium 

bisulphate 


Chlorine 


Manganese 

sulphate 


Water 


2KI + Cl, = 2KCI + I, 

Potassium and Chlorine give Potassium and Iodine 
iodide chloride (blue colour 

with starch) 
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3- 


NaCl 

Sodium 

chloride 


■f 

and 


Il-tSOi = 


NallSOi 

Sodium 

bisulphdte 


+ nci 

and 


HCl -h NH3 

Hydrochlonc Ammonia give 


NH4CI 

Ammonium 

chloride 


Hydrobromic Acid 


I ^ 2, 3 as for hydrochloric acid. 


4. 2KBr 
Potassium 
bromide 


+ 

and 


CI2 

Chlorine give 


2 Ka 

Potassium 

chloride 


-f- Br2 

and Bromine 


Hydriodic Acid 


I, 2, 3, 4 as for hydrochloric or hydrobromic acid. 

5. IIoClj + 2KI = llglj + 2KCI 

Mercuric with Potassium gives Mercuric and Potassium 
chloride iodide iodide chloride 

(red precipitate) 


Hydrofluoric Acid 


2. CaF^ -I- H2SO4 

Calcium with strong 

fluoride * Sulphuric 

acid 

4111' + S1O2 

Hydrofluoric 
acid 

SSiFi ^ alTaO 

Silicon excess of 

tetratliionde Water 


- CaSO^ 

2HF 

gives Calcium and 
sulphate 

Hydro- 

fluoric 

acid 

S1F4 + 

2H2O 

Silicon „ , 

tetrafluoride ^ 

Water 

^ 2Fl2SiF6 f 

HoSiO. 

Hy'lfofluosfl.cic^^^, 

Silicic 

acid 


Chloric Acid 

3KCIO3 -I- 2H2SO4 - Ka04 + aKIISO^ -f 2CIO2 + H2O 

Potass- i 1 strong - Potass- Potass- Chlonne and Water 

lum sulphuric ^ ^ lum ium peroxide 

chlorate ^ acid pcrchloride bisulphate 

2CIO2 give Clj + 2O2 

Chlorine ^^ater Chlorine and Oxygen 

peroxide explosion 
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Expt. 157. — Boric acid, II 3 BO 3 

Use borax^ Na2B407. 

1. Heat a borate on a platinum wire. Borates usually swell up 
(intumesce) at first and then settle down into a transparent bead. 
They colour the clear Bunsen flame green unless some other colour 
masks it. 

2. Put some borax into a crucible or into a piece of broken 
porcelain. Mix with some strong sulphuric acid and pour some 
methylated spirit over it. Now ignite the methylated spirit. 
The spirit burns with a bright green edged flame. The colour 
appears more intense if the mixture is stirred while it is burning. 

3. Dip a piece of turmeric paper into a Solution of borax which 
has been made acid with hydrochloric acid. Dry the paper by 
laying it on the outside of a tube filled with hot water. The paper 
turns a reddish-brown colour. On treatment with caustic soda 
solution the reddish-brown colour changes to a bluish-black. 

Expt. 158. — Acetic acid, CHa’COOIT. 

Use sodium acetate, CIIj’COONa. 

Write equations where possible. 

1. All acetates when heated give inflammable gases which burn, 
giving carbon dioxide and steam. The residue is usually a car- 
bonate and, if the carbonate is decomposed by heat, an oxide. 
In some cases a residue of a metal may be left, heat some 
copper acetate in a tube. A yellowish-red residue of metallic 
copper will be found in the tube. , 

2. When an acetate is treated with a little 50 per cent, sulphuric 
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acid, vapours are given off which smell like vinegar. This is 
due to free acetic acid (CHs'COOII). 

3. To a solution of an acetate add ferric chloride solution. A 
red coloration, due to the presence of ferric acetate^ is produced. 
When the solution is boiled basic ferric acetate separates as a 
reddish precipitate. The red coloration, due to ferric acetate, is 
destroyed by dilute hydrochloric acid. 

Expt. 159. —Phosphoric acid, TI3PO4. 

Use sodium hydrogen phosphate Na2lIP04. 

Write equations where possible. 

1. To a solution of sodium hydrogen phosphate add silver nitrate 
solution. A yellow precipitate of silver phosphate (soluble in 
ammonium hydrate and In nitric acid) is precipitated. 

2. To a solution of a phosphate add ammonium chloride, NrT4(d, 
solution. Boil, cool, and add ammonium hydrate (Nn4'OH). 
To this add magnesium sulphate (MgS04) solution. Warm and 
shake up the tube. A crystalline precipitate of magnesium 
ammonium phosphate comes down. 

3. To a solution of the phosphate add nitric acid and heat. 
Heat a solution of ammonium molybdate ((Nn4)*IIMo04) with 
nitric acid. Now mix these two solutions and heat again. A 
yellow precipitate indicates the presence of a phosphate. If the 
precipitate does not form at once stand the tube on one side. 
The precipitate should form after some time. 

Expt. 160. — Silica, SiOj. 

Silica is the “ acid oxide ’’ of silicic acid. Use common sand. 

1. Silica is insoluble in the mineral acids. It is infusible. 

2. Mix some silica with calcium fluoride and pour upon it some 
strong sulphuric acid. Heat the mixture in a leaden capsule and, 
hanging a drop of water on a glass rod, hold it in the vapour. 
The formation of a gelatinous blob on the end of the rod shows that 
silica was present {vide Hydrofluoric acid, Expt. 155 (2), page 140). 

coon 

Expt. 160 (a).— Oxalic acid, ' 

UUUrl 

Use sodium oxalate, | 

COONa 
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Notes on Systematic Examination of Gases 

Note No. i.— To detect sulphuretted hydrogen and carbon 
dioxide in the presence of each other. —Shake the gas up with a 
suspension of cadmium carbonate or lead carbonate in water. 

If, with cadmium carbonate, the suspension turns yellow 
(owing to the formation of cadmium sulphide, CdS), or, with lead 
carbonate, the suspension turns black (owing to the formation of 
lead sulphide), the presence of sulphuretted hydrogen is indicated. 
The presence of sulphuretted hydrogen does not affect the lime-water 
test for carbon dioxide {vide Expt. 136, page 125). 

Note No. 2.- To detect carbon dioxide, sulphur dioxide and 
carbon monoxide in the presence of each other.— Pass the gas 
through— 

(a) a weak solution of potassium dichromatc acidified with 
hydrochloric acid. If the colour of the solution is changed from 
yellow to green, sulphur dioxide is present (Expts. 141 and 142, 
pages 130 and 131). 

(b) Lime-water, If the lime-water is turned milky the presence 
of carbon dioxide is indicated. 

Try to ignite the remaining gas as it issues at C (Fig. 66). If it 
burns with a pale blue flame, forming carbon dioxide, then the 
presence of carbon monoxide is indicated. Confirm this by 
showing that the gas is soluble in a solution of cuprous chloride 
in ammonium hydrate. 



Fig. 66 
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Revise the tests given in Demonstration 20, Expt. 84, page 90. 
For the systematic separation of acids see page 134 et seq. 


Equations 


Acetic Acid 


(I) 

2CH3‘COONa - 

Na 2 C 03 4“ 

CH3-CO-CH3, 

etc., etc. 

Sodium 

Sodium 

Acetone 



acetate 

carbonate 

^inflammable) 


(^) 

ClIs-COONa -f 

IT2SO4 - 

CIIs-COOII 4- 

NaHS 04 

with 

acetate 

Sulphuric Acetic , Sodium 

ac.U 8>ves and b, sulphate 

(3) 

3 Cn 3 -COONa h 

FeCU - 

(CIl3*COO)3Fe 

f 3 Naa 

Sodium with Ferric gives 

Ferric acetate 

and Sodium 


acetate 

cidoride 

(red 

chloride 


coloration) 


(CH,,-COO)3Fe + sIICl - 3(CIIa-COOH) H- FeCI, 
Ferric and Hydro- give Acetic and Ferric 
acetate chloric acid chloride 

acid 


Phosphoric Acid 


I. Na^HPO^ -f- AgNOa - AgsPO* 4- 2NaN03 4- UNO, 

Disodium Silver Silver Sodium Nitric 

hydrogen nitrate phosphate nitrate acid 

phosphate 


2 . 


NaaHPO, 4 - NH,-OII 

Disodium hydrogen Ammonium 

phosphate hydrate 


Mg(NH4)PO, 4 - H2O 

Magnesium ammonium Water 

phosphate 


+ MgSO, 

Magnesium 

sulphate 

+ Na^SOi 
Sodium 
sulphate 


Silica 

See explanation and equations in demonstration on hydrofluoric 
acid, pages 139 and 140. 


DunnicHflTs Pract. Chem. 
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Systematic P^xamination for Acid Radicals 


Expt. 162. — Test the given substances and find what acid radical 

is present in each. — The acid radicals of the following classes of 
salts may he detected by the tables given below. 

Arsenates, borates, fluorides, chlorides, bromides, iodides, 
sulphides, sulphites, sulphates, thiosulphates, nitrates, nitrites, 
carbonates, bicarbonates, acetates, oxalates, phosphates, and 
silicates. 

In all cases confirm the tests by those given under the headings 
of the acids separately. 

I. — Heat a little of the substance dry in a small test-tube. 


Observation. 


I. Water vapour is given off and con- 
denses on the upper part of the 
tube. 

2 Substance swells up (intumescence) 

3 There is a sublimate on the upper 

part of the tube. 


ft is white — smell of ammonia. 

It is black — with purple vapour, 

4 A gas is given out — 

(a) It zs coloured Yellowish. Distinct 
smell (KI and starch paper). 
Brown (iron sulphate solution 
blackened) . 

White (very pungent eind acid). 

(j) Colourless, but has distinct smell — 
Rotten eggs (lead acetate paper) . 

Sulphur dioxide (potassium 
chromate paper). 

Sulphur dioxide and sulphur- 
etted hydrogen 
Ammonia. 


Inference. 


Water of crystallisation or 
water from an acid salt 

Alums, borates, phosphates. 

Sulphur (smell of sulphur 
dioxide) — certain sul- 
phides Some coloured 
salts, eg., mercuric iodide. 

Certain ammonium salts 

Iodine from certain iodides. 

Chlorine from some hypo- 
chlorite. 

Oxides of nitrogen from 
nitrates. 

Sulphur tnoxide from cer- 
tain sulphates. 

Sulphuretted hydrogen from 
thiosulphates 

Some sulphides, sulphites, 
thiosulphates and bisul- 
phites. 

Thiosulphates 

Ammonium salts. 
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Observation. 

Inference. 

(r) Colourless and odourless. 

I. The gas burns. 

Organic fumes which burn 

2 The gas supports combustion. 

Supports combustion and gives 
no coloration with nitric oxide 

Ca,rbon monoxide from oxal- 
ates. 

Acetates. 

Oxygen from nitrates, chlor- 
ates, peroxides. 

Ammonium nitrate present 
(test for ammonia and 
NO3 at once) 

3 Gas neither burns nor supports 
combustion 

Carbon dioxide, carbonates, 
bicarbonates (some oxal- 
ates and acetates). 

4 Gas fails all the above tests 

Nitrogen from ammonium 
nitrite 

IT. — Treat substance with dilute acid (HCl or IlavSCj), 

OnsERVArioN 

Inference. 

A gas IS evolved — 

Coloured Ycllowssh-green (KI starch 
paper). 

Chlorine from hypochlorite, 
chlorate, peroxide. 

Brown (turns ferrous sulphate solution 
black) 

Nitrite present (confirm). 

Colourless, hut has odour — 

Rotten eggs (turns lead acetate 
paper black). 

Sulphuretted hydrogen from 
most sulphides. 

Smell of burning sulphur (SO^) 

Sulphite or bisulphite. 

Yellow sulphur separates as well as 
evolution of sulphur dioxide 

Thiosulphate (confirm) . 

Colourless and odourless 

Turns lime-water milky (CO.). 

P'rom carbonate or bicar- 
bonate 


Note. — I f the substance is a bicarbonate it will be soluble in 
water. On heating it will give carbon dioxide and water vapour. 
To a solution of the salt add a solution of magnesium sulphate. 
No precipitate is produced in the cold^ but on warming a precipitate 
of magnesium carbonate is thrown down and carbon dioxide is 
evolved. 


L 2 
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HI. — Treat a little of the original substance with cold concentrated 
sulphuric acid. Warm very cautiously. 

Observation. Inference. 


A senes of explosions takes place. Chlorate present. 

A gas IS evolved 

Brown (turns ferfous sulphate black). Nitrate or nitrite. 

Brown \ accompanied by dense acid Bromine from bromide. 
Violet j fumes. Iodine from iodide. 

White — dense acid fumes giving Hydrochloric acid gas from a 

dense white fumes with am- chloride, or 
moma. 

White fumes, strongly acid in reaction Possibly due to overheating 

your sulphuiic acid. 

Fumes which corrode gla.ss. Iduoride. 

If chloride, bromide or iodide is 
suspected, mix some of the sub- 
stance with manganese dioxide and 
w’arm the mixture with strong 
sulphuiic acid. 

Chlorine is evolved (yellowish-green) Chloride is present. 

Bromine is evolved (brown). Bromide is present. 

Iodine IS evolved (violet). Iodide is present. 

IV. — Test separately for borate, fluoride, or silicate. 

Experiment and Observation. 


(a) Put a little of the original substance on porce- 

lain Pour strong sulphuric acid on it and 
mix well Pour alcohol on the mixture. 
Ignite the alcohol. Stir the mixture when 
the alcohol is burning. It burns with a 
green flame. 

(b) Mix some of the substance with a little sand. 

Pour sulphuric acid on the mixture and warm 
gently. Dip a glass rod m water and plunge 
the rod into the mouth of the tube. A 
gelatinous lilob forms on the end of the rod 
(vtde page 140), 

(c) Mix ^ome of the substance with calcium 

fluoride and put it in a leaden capsule. Pour 
strong sulphuric acid on the mixture and 
warm. Suspend a drop of water on a watch- 
glass and cover the capsule with it. A 
gelatinous blob forms on the watch-glass 
where the drop of water was (vide page 143). 


Inference. 


Borate present 


Fluoride present. 


Silica or a silicate 
present. 
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So far we have no indication of phosphate, arsenate or 
sulphate. They are easily detected by the wet ” analysis given 
below. * 


Expt. 163. — Wet tests for acids. 

1. Dissolve some of the substance in water and add sodium car- 
bonate solution. If no precipitate is formed use a solution of the 
original substance for the following tests. 

2. If a precipitate is formed on the addition of sodium car])onatc, 
filter the solution and use the filtrate for the following tests. 

3. If the substance is insoluble in water mix it with about four 
or five times its weight of sodium carbonate. Add water in about 
sufficient quantity to dissolve the sodium carbonate and boil the 
mixture for some time. (You may use a saturated solution of 
sodium carbonate.) Take care that the solution does not “ bump ” 
over. Filter, and divide the filtrate into five portions, I-V. 

No. I, — Neutralise the excess of sodium carbonate with dilute 
hydrochloric acid. Warm to drive off carbon dioxide. 


White precipitate insoluble in all 
acids (except hydrofluoric). 
Silica indicating the presence 
of a SILICATE. Be sure the 
white precipitate is not sulphur' 
from a thiosulphate. 


Solution clear. Add barium chlor- 
ide solution. White precipitate 
insoluble in acids and insoluble 
on diluting with water indicates 
the presence of a sulphate. 


No. II. — Neutralise the excess of sodium carbonate with dilute 
nitric acid. ]?oil off carbon dioxide and add silver nitrate solution. 


(i) A white precipi- 
tate, soluble in 
ammonium hy- 
drate, reprecipi- 
tated on adding 
dilute nitric acid 
chloride present. 


Pale yellow precipi- 
tate sparingly sol- 
uble m ammonium 
hydrate, insoluble m 
dilute nitric acid, 
indicates the pres- 
ence of a BROMIDE. 


Yellow precipitate 
insoluble in am- 
monium hydrate 
and dilute nitric 
acid indicates the 
presence of an 
iodide. 


Note. — If bromide or iodide is suspected (i) Heat the original 
substance with manganese dioxide and sulphuric acid. Brown 
fumes of bromine indicate a bromide. Violet fumes of iodine 
indicate an iodide. 

(2) Treat some of the rest of the solution, neutralised with 
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dilute nitric acid, with chlorine water. Shake up with carbon 
disulphide. A brown coloration in the carbon disulphide indicates 
a bromide. A violet coloration m the carbon disulphide indicates 
an iodide. 

No. III. — If cliloride, bromide and iodide are absent neutralise 
with dilute nitric acid ; boil oil all gases. Add ammonium hydrate 
and boil till neutral ; add silver nitrate solution. 


Wluto 
precipitate 
may be 
oxalate, 
etc ; 
reject. 

See 

below. 


Canary yelloAv 
precipitate in- 
dicates 
PHOSPH VTS. 

Boil a portion of 
remaining solu- 
tion with nitric 
acid. Boil some 
ammonium mo- 
lybdate solution 
w'lth nitric acid. 
Mix the solu- 
tions. Boil. A 
canary yellow 
precipitate coii- 
lirms a 
PHOSPHATE. 


Orange- 
coloured I 
precipitate 
jirobahiy a I 

SIT, 1C VTE 
Contirm by 
Test No. 2, 
Expt. 100, 
on page 
143. 


Beddish - bro\Mi 
piecipitate prob- 
ably an 
AKSENATB 
Take some of so- 
lution Pass sul- 
phur dioxide in- 
to it. Warm to 
drive o(l excess 
of siilxihiir di- 
oxide. Pass sul- 
phuretted hy- 
drogen A can- 
ary yellow x>ro- 
cipitate insol- 
uble m hot 
strong hydro- 
chloric acid 
Ton hr ms an 
ARSENATE. 


Vellow’ piecipitate 
probably an 
ARSENITE. 

Piove pliosph.ite 
absent. A neiitial 
solution of an ar- 
senite will bleach a 
solution of lodme 
in potassium iodide 
Arsenites give a 
yellow precipitate 
with sulphuretted 
hydrogen without 
previoihs reduction 
with sulphurous 
acid. 


No. IV. — Neutralise the excess of, sodium carbonate with dilute 
sulphuric acid. Boil off all gases. Cool. Add a freshly prepared 
solution of ferrous sulphate and then strong sulphuric acid by 
allowing it to flow gently down the tube. 

A black layer or ring at the point of separation of the sulphuric 
acid layer indicates the presence of a 

Nitrate 


No. V. — Neutralise the excess of sodium carbonate with acetic 
acid. Divide the solution into two parts. 


I. Add calcium chloride .solution. A 
white precipitate soluble in dilute 
hydrochloric and nitric acids indi- 
cates an 

OXALATE. 

Confirm by tests on page go. 


2. Add ferric chloride. Yel- 
lowish - white precipitate 
indicates 

PHOSPHATE 

Confirm by the ammonium 
molybdate test. 



DEMONSTRATION 36 

REACTIONS OF THE COMMONER METALS 
Pretjmtnary Demonstration 

1. Expt. 164. — Describe your substance carefully. ~ See if you 

can draw any inferences from the external appearance of the f)ody. 

The object of this demonstration is to give you practice in the 
ordinary processes, to which you must submit the substances given 
to you for examination. Each process is very important, and you 
should take pains to get proficient in its manner of manipulation. 
Be sure you have carried out all instructions carefully before con- 
demning a test as unsuccessful or unreliable. 

2. Expt. 165. — Action of heat alone on the substance.— It is 

most important to notice all that happens, and the most valuable 
conclusions may be arrived at by allowing the reaction under con- 
sideration to proceed to its completion. This cannot be done if 
large masses of material are used. It is difficult to heat them through- 
out, and, moreover, when the reaction is being completed in one 
portion of the mass it is only starting in the other, hence it is 
difficult to form an opinion as to what is happening or what has 
already happened. The first rule then is — 

USE SMALL QUANTITIE.S. 

Divide your observations broadly into four classes : 

1. What happens during the heating such as melting, decrepitation, 
changes of colour, etc. 

2. gases or vapours ^\vQ,x\ off. You have already been 
given a scheme by which these may be identified (Expt. 161, pages 
145 and 146). 

3. What condenses on the upper part of the tube. 

4. The nature and properties of the residue. 

Write your results in tabular form, and in your descriptions 
always use \hc first person singular. 

Use three columns. 

In the first write down exactly what you do : Experiment.” 
In the second write down all that you observe with your senses 
— sight, smell, etc. : “ Observation.” In the third write down the 

»53 
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conclusions at which you arrive as the result of your observations : 
“ Inference.” 

Thus — 


Experiment. 

Observation. 

Inference. 

I treated the piven 
substance with di- 
lute hydrochloric 
acid in a test-tube. 

I applied a lighted 
match to the 
mouth of the test- 
tube. 

Effervescence took 
place. A gas was 
evolved. It was 
colourless and 
odourless. 

The match was ex- 
1 tinguished. 

The gas did not burn. 

.*. Cl, Br, etc , absent. 
SO2, H2S, etc., absent. 
NgO and Og absent. 

H2, CO, C2H2. CH4 
absent. 

May be CO2 or Ng. 

I passed the gas into 
lime-water. 

The lime-water was 
turned milky. 

The gas is 

carbon dioxide 


Heat the given substances C, £> in a bulb-tube, and write 
down all you observe and the inferences you come to. Tabulate 
your results. 


3. Expt. 166. — Action of dilute hydrochloric acid. — ^Treat the 
given substances E, F with dilute hydrochloric acid. Tabulate 
your observations and inferences. Try action of dilute sulphuric 
acid also. 

4. Expt. 167. — Action of strong sulphuric acid. — Heat the 
given substances G, H with strong sulphuric acid. Tabulate 
your observations and inferences. 

5. Use of the mouth blow-pipe.— To do this a continuous blast 
must be maintained. In order to do this you must use the con- 
traction of your cheeks to expel the air from your mouth into the 
blow-pipe, and breathe through your nose. Keep the cheeks more 
or less distended, and use the tongue to force the air from the mouth 
in combination with the partial contraction of the cheeks. The 
ability to produce a steady blast will not come at once, but practice 
and patience will enable you to acquire ease in the use of the blow- 
pipe. Do not try to blow hard — a gentle blast is sufficient. Use 
a small slot in the blow-pipe, or shut the air-holes at the base of the 
burner, and use the luminous flame so produced. Do not attempt 
to use a large flame. Direct the blast across the mouth of the 
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burner, not down the burner, or the flame will be extinguished. 
If you have any difficulty in holding the blow-pipe steady, rest it 
on the side of the orifice of the burner. 

Notice the flame which is produced. 

The inner portion is the reducing flame. 

The outer portion is the oxidising flame. 

The parts are shown in Fig. 4, page 7. 

6. Expt. 168. — Heat J, mixed with sodium carbonate on charcoal 
under the blow-pipe. — Mix some of the substance J with sodium 
carbonate. Make a small cavity in a piece of charcoal and put a 
little of the mixture in the cavity. Now heat it in the blow-pipe 
flame. Write down all you sec. If a metallic bead is produced 
cut it out of the charcoal and gently grind it in a mortar con- 
taining some water. The carbon will be easily washed away. 
Examine the metal which is left after the light matter has been 
washed away. Write down its properties. 

Note if there are any fumes given off when you arc heating. 

See if there is an incrustation on the charcoal. Look out for 
decrepitation, deflagration, etc. 

If you get a white residue moisten it with two drops of cobalt chlor- 
ide or cobalt nitrate and heat it again ; note any colour change. 

N.B . — Do not attempt to get “ oxidation ” results on charcoal. 

Borax bead tests. — When borax is heated it swells up (in- 
tumesces) and eventually solidifies to a glassy mass. This glassy 
mass will dissolve the oxides of certain metals with ‘the formation 
of coloured beads. Microcosmic salt (sodium ammonium hydrogen 
phosphate), Na(NH4)HP04, 41120, may be used in the place of 
borax. In this case the oxides of metals dissolve forming double 
phosphates. The colour of the bead with a given metal is ther same 
in each kind of bead {i.e,, borate or phosphate). The colour of the 
bead for a given metal after heating in the oxidising flame is often 
different from the colour of the bead for the same metal after heating 
in the reducing flame. 

The blow-pipe flame may be used for making the borax bead, 
but the clear Bunsen flame may be used as well. 

Expt. 169. — To make a borax bead. — Make a circular loop at 
the end of your platinum wire about this size Q (wind the wire 
1 4 times round the point of your pencil). Heat the ring in the clear 
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Bunsen or the blow-pipe flame and then dip it in powdered borax. 
Heat attain and repeat the process, taking more borax on to the 
wire until it has the loop filled with a clear lens-shaped bead. If 
you try to put too much borax on to the loop the bead will not 
stay on the wire. Dip the bead into the substance K which it is 
desired to test. Only take a minute quantity of K ; if you take too 
much the bead will become opaque. 

Find what coloured bead you get (i) in the oxidising, (2) the 
reducing flame. 

The colours produced are — 


j In the Inner or Reducing 
Flame. 

In the Outer or 
Oxidising Flame. 

Indicates 

THE 

Presence of 

Red when cold (addition 
of tin helps the results). 

Green when hot 

Blue when cold. 

Copper 

Yellowish when hot. 

Olive green when cold. 

Brownish-red when hot 
Light yellow when cold. 

Iron. 

Green. 

Green. 

Chromium 

Blue 

Blue. 

Cobalt. 

Grey or opaque and black 

Cherry red when hot. 
Brownish when cold. 

Nickel. 

Colourless. 

Amethyst (violet). 

Manganese 

Opaque. 

Opaque. 

Too much 
substance ; 
start again. 

White 

White. 

Many sub- 
stances. 

White skeleton floating in 
bead. 

White skeleton floating 
in bead. 

Silica. 
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To clean the wire heat it and then shake oft the molten bead. 
Further washing may he done by fusing borax on to the wire and 
shaking it oft and repeating this several times. If the wire has to 
be cleaned for No. 7 (below), dip it in strong hydrochloric acid and 
heat it in the flame. Repeat this until the flame gives no appre- 
ciable yellow coloration when dipped first in hydrochloric acid 
and then heated in the flame. 

7. Expt. 170. — To fuse a platinum wire into glass. — Take a 
short length of glass tubing. Heat it in the Bunsen flames 
till it thickens, and then draw it out slighly. Let the tube cool 
and then cut it at the constriction. Slip the wire in the fine hole 
and then, holding the wire and the tube, heat the glass at the 
junction of the wire and the glass. The wire is cleaned as described 
in the foregoing paragraph. 

Expt. 17 i. — Flame coloration.-- Moisten tlic wire with hydro- 
chloric acid {not from the bottle direct — pour a little hydrochloric 
acid into a watch-glass and use that. Throw it away after using). 
Do not use the same hydrochloric acid for testing two different 
substances. Now dip the wire in the given substance and 
introduce it into the outer zone near the base of the clear Bunsen 
flame. 

The blow-pipe may often be used with advantage for these 

flame tests.’' 

All the flames are viewed directly with one exception. When 
testing for potassium look at the flame through a piece of cobalt 
blue glass. This cuts out the blue rays and makes the violet flame 
look red. 

Clean the wire after use and keep it in a bottle containing dilute 
hydrochloric acid. 

N.B . — If platinum is not procurable bind a few fibres of 
asbestos together by an iron wire, and heat the substance 
moistened with hydrochloric acid on the fibres. Use fresh fibres 
for each test. 

The colours given by various metals are as follows : — 
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The Colour of the Flame is 

Indication. 

Brilliant golden-yellow. 

Sodium. 

Green with (HCl), blue alone. 

Copper. 

Green. 

Borates. 

Yellowish-green — very persistent. 

Barium. 

Violet (looks red through cobalt blue glass). 

Potassium. 

Crimson — flashes up quickly and docs not persist 

Strontium. 

Dull reddish-yellow. 

Calcium. 

Pale blue flame. 

Many substances. 

Smell of garlic, wire corroded 

Arsenic. 


Note to Demonstrators 

Any suitable substances may be given for these exercises, but 
it should be remembered that easily reducible metals corrode the 
platinum wire and so should be avoided as often as possible in the 
experiments where platinum is to be used. 




DEMONSTRATION 37 
Tests for Metals 

Try to write the equations representing tlie reactions marked 
with an asterisk (*). 

You will find the correct equations at the end of the demonstra- 
tion (page i6i). 

Expt. 172. — Tests for Sodium, Na. 

Use any sodium salt. 

Sodium salts give no definite indications when heated on charcoal 
or in the borax bead. 

Sodium salts colour the Bunsen flame a brilliant golden-yellow 
colour. The colour is very marked and persists for some time. 
Compare the flame very carefully with that of calcium. 

Nearly every substance gives some yellow colour when heated 
in the Bunsen flame. When sodium is present in any quantity the 
flame is very intense^ and as this is the best test for sodium you 
must learn to recognise the flame. Neglect vl faint yellow colora- 
tion. 

All the common salts of sodium are soluble in water. 

Expt. 173. — ^Tests for Potassium, K. 

Use potassium chloride, KCl. 

1. Potassium compounds give no definite indication when 
heated on charcoal or in the borax bead. 

2. Potassium compounds colour the Bunsen flame violet. The 
colouf is very easily confused with other bluish colours such as 
that given by arsenic. Moreover, as traces of sodium are almost 
invariably present, the bluish colour may be masked by the faint 
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yellow of the sodium. Look at the flame through a piece of cobalt 
blue glass. If you see a distinct red colour it is probable that 
potassium is present. This test should be confirmed in the wet 
way and is not trustworthy in the presence of substances which give 
red flames, e.g.^ calcium or strontium. 

^■3. Take a strong solution of the salt and see that it is neutral 


Add to it a concentrated solution of tartaric acid 
If the precipitate does not come down^ shake 


or faintly acid. 

/CfI(OH).COOn\ 

Uh(oh).cooh/ 

the tube violently or stir with a rod. A white^ crystalline precipi- 
tate of cream of tartar (acid potassium tartrate) indicates the 
presence of potassium. 

*4. To a moderately strong solution of the salt in water add a 
concentrated solution of picric acid (Q.Il2(0Il)(N02)3) in water. 
Let the solution stand. The appearance of long^ yellow needles 
indicates the presence of potassium. Pour this down the sink 
at once. Ammonium salts must be absent, as ammonium picrate 
is also precipitated by picric acid. 

Most potassium salts are soluble in water. 


Expt. 174. — Tests for Magnesium, Mg. 

Use magnesium sulphate (Epsom salts), MgS04,7H20. 

1. Magnesium compounds give no definite indications either by 
the flame test or the borax bead test. 

2. Heat a little of the dry salt on charcoal under the mouth 
blow-pipe flame. Cool. Put two drops of cobalt nitrate or 
chloride on the residue and heat again strongly under the blow- 
pipe. The residue becomes a pink colour. 

Compare with aluminium (page 182), and zinc (page 189). 

3. Boil U solution of the substance with ammonium chloride, 
(NH4)C1, and add ammonium hydrate (NIl4)OIL No precipitate 
is formed. Add ammonium carbonate, (NIl4)2C03, no precipitate 
is formed. (In the absence of ammonium chloride, precipitates 
are given with both ammonium hydrate, (NH4)OH, and ammonium 
carbonate, (NH4)2C03. 

*4. Boil the solution with ammonium chloride, (NH4)C1, cool 
and add ammonium hydrate, (NH4)OII, and disodium hydrogen 
phosphate (Na2HP04) solution. If the solution is strong a pre- 
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cipitate of magnesium ammonium phosphate (Mg(N}l4)P04) 
comes down at once. If dilute the precipitate will come down on 
standing, shaking the tube or scratching the inside of the tube. 
The precipitation is favoured by warming. The precipitate is 
soluble in dilute mineral acids and acetic acid (CIIs'COOH). 
Confirm the presence of magnesium in the precipitate by test 
•No. 2 above. 

Expt. 175. — Tests for Ammonium (NII4). — (See page 114.) 

Use ammonium chloride, NIJ4CI. 

I. Heated in a dry tube some ammonium salts pass into vapour 
and condense on the upper part of the tube. There are many 
exceptions, e.g.^ ammonium nitrate (Nir4N03) decomposes into 
water (1120) and nitrous oxide (NoO), etc. The smell of ammonia 
gas is often apparent. Many ammonium salts sublime. Ammonia 
gas turns red litmus paper blue and yellow turmeric paper 
brown (moisten the paper before applying the test). 

*2. To the solid substance add sodium hydrate (NaOH) or 
potassium hydrate (KOII) solution and warm, or mix the dry 
substances with soda lime and warm if necessary. 

Ammonia gas will be evolved. 

Test for ammonia by — 

(1) Smell. 

(2) Red litmus paper. 

(3) Turmeric paper. 

(4) A glass rod dipped in strong hydrochloric acid (HCl) will 
fume when brought near the mouth of the tube. 

(This test is given by all ammofiiuw salts without any exception.) 


Equations 

Potassium 

CH(OH)-COOII CII(OH)-COOH 

No. 3. KCl + "" CII(OII)-COOK 

Potassium Tarteiric acid gives Cream of tartar Hydro- 
chloride (white crystalline chloric 

precipitate) acid 
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No. 4. KCl 
Potassium 
chloride ' 


I- CeH,(N02)a-0H = 

. Picric acid gives 


CeTIj(N 02 ) 30 K 

Potassium 

picrate 


and Hydro- 
chloric 


Magnesium 


No. 4. MgSO^ + 

Magnosiuni 

sulphate 


Mg(NH,)PO, 

Magnesium 

ammonium 

phosphate 


Na,flP04 

Disodium 

hydrogen 

phosphate 


in presence 
of 


NaoSO^ 

Sodium 

sulphate 


nh.oh - 
^‘SyXr S-ves 


No. I. NH4CI 

Ammonium heated 
chloride gives 

The reaction is reversible. 

NH4-N03 

Ammonium heated 

nitrate gives < 

NH4*N0.. - 

Ammonium heated 

nitrite gives 


Ammonium 

— NIL 


1 Hydrochloric 
acid 


No. 2. NH4CI 
Ammonium 
chloride 


heated 

gives 

NaOH 

Sodium 

hydrate 


Nitrous 
oxide gas 

N, . 

Nitrogen 

gas 

= N113 ■ 

Ammonia 

/es 

gas. 


+ 

2H2O 

and 

Steam 

-f- 

2113O 

and 

Steam 

+ H30 

+ NaCl 
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Tests for Metals — Group I 

Try to write the equations representing reactions marked with 
an asterisk (*). You will find the correct equations at the end of the 
demonstration (page 167). 

Expt. 176. — Tests for Silver, Ag. 

Use silver nitrate, AgNOg. 

*1. Mix some of the powdered silver salt with sodium carbonate 
(Na2C03) and heat strongly on charcoal before the blow-pipe. A 
white bead of silver is obtained. Cut the bead out of the charcoal 
and put it in a mortar with some water and then press it with the 
pestle. The carbon floats away and the metal is found to be 
malleable. It does not mark paper. 

2. When silver salts are heated on platinum wire the wire is 
corroded. Silver gives no characteristic flame or colour to the 
borax bead. 

*3. (a) To a solution of a silver salt add hydrochloric acid 
(HCl). A white, curdy precipitate of silver chloride (AgCl) is formed/ 
The precipitate becomes violet on exposure to light. 

(b) The precipitate is soluble in ammonium hydrate (Nn4’OH). 

(c) Add dilute nitric acid (HNO3) to the ammoniacal solution 
produced in (b). The white precipitate of silver chloride (AgCl) is 
again formed. 

*4. (a) To a neutral solution of a silver salt add potassium 
chromate solution (K2Cr04). A dark red precipitate of silver 
chromate (Ag2Cr04) is formed. 

(b) On the addition of dilute hydrochloric acid (HCl) this pre- 
cipitate turns white because the red silver chromate (Ag2Cr04) 
is converted to white silver chloride (AgCl). 

DunniclifFs Pract. Chem. 163 jVi 
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Expt. 177. — Tests fot Lead, Pb. 

Use lead nitrate^ Pb(N03)2. 

1. Mix some powdered lead nitrate with some sodium car- 
bonate (NagCOs) and heat it on charcoal under the blow-pipe. 
The salt will deflagrate. If you do not get a metallic bead easily^ 
mix up some of the salt with a mixture of sodium and potassium 
carbonates and a little * powdered carbon. A metallic bead is 
formed. It is malleable and will mark paper. A yellow incrusta- 
tion of lead oxide (PbO) will probably be noticed on the charcoal. 

2. Lead salts corrode the platinum wire. They give no char- 
acteristic colour to the Bunsen flame or borax bead. 

*3. (a) To a solution of a lead salt add dilute hydrochloric 
acid (HCl). A white precipitate of lead chloride (PbCU) is thrown 
down. 

(b) This precipitate (PbCU) is soluble m liot water, but separates 
out again in crystals on cooling the solution. 

Note. — Lead is not completely precipitated by hydrochloric 
acid. 

*4. To a solution of a lead salt add potassium chromate (K2Cr04) 
solution. A yellow precipitate of lead chromate (PbCr04) is 
formed which is insoluble in dilute hydrochloric (HCl) and acetic 
(CHa-COOH) acids. 

*5. To a solution of a lead salt add dilute sulphuric acid (H2SO4). 
A white precipitate of lead sulphate (PbS04) is formed. In dilute 
solutions the precipitate may form slowly. The precipitate comes 
down more readily when alcohol is added to the solution. Lead 
sulphate is soluble in ammonium acetate (CH3*COONH4). 

*6.. Pass sulphuretted hydrogen (HoS) through a solution of a 
lead salt made acid by dilute hydrochloric acid (IICl). A black 
precipitate of lead sulphide (PbS) is thrown down. This pre- 
cipitate is soluble in 50 per cent, nitric acid, forming lead nitrate. 

Expt. 178. —Tests for Mercury, Hg. 

There are two classes of mercury compounds — 

(x) Those in which mercury behaves as a monovalent metal, 
called ‘‘ mercurous ” salts. 

(2) Those in which mercury behaves as a divalent metal, called 

mercuric salts. 
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The following reactions (i, 2, 3) are obtained with both 
“ mercurous ” and “ mercuric ’’ salts. 

1. Mix the dry compound of mercury with dry anhydrous 
sodium carbonate (NaoCOg) and a little dry potassium nitrate and 
heat the mixture in a small bulb-tube. A deposit of mercury 
is formed on the upper part of the tube. This deposit may be made 
to run into small globules by rubbing with a match-stick. Mercury 
is the only metal which runs into globules under these conditions. 
Most mercury compounds sublime when heated in a tube. 

2. Mercury compounds give no very characteristic reactions 
when heated on charcoal, neither do they give a characteristic 
colour to the Bunsen flame or the borax bead. 

*3. Add dilute nitric acid to a solution of a mercury salt. Boil 
with a small piece of clean copper. Mercury will separate on the 
copper as a white deposit. The solution will turn blue or green. 
Take the copper from the tube, dry carefully, and then heat ip a 
tube. Tlie mercury will sublime away from the surface of the 
copper and condense on the upper part of the tube. 

Mercurous Compounds, Hg 

Use mercurous nitrate, I-Tg(N03),2H20. 

*4. (a) When a solution of a mercurous salt is treated with 
dilute hydrochloric acid (HCl) a white precipitate of calomel 
(HgCl) is formed. 

{b) The precipitate is insoluble in water. 

{c) The precipitate is turned black by ammonium hydrate. 
The black substance is mercurous ammonium chloride (NIIoHggCl). 

Mercuric Compounds, iTg" 

Use mercuric chloride, IIgCl2. 

*5. (a) To a solution of the salt add dilute hydrochloric acid. 
No precipitate is formed (distinction from mercurous salts). 

{b) Pass sulphuretted hydrogen (H2S) through the solution. 
A black precipitate of mercuric sulphide (HgS) is formed. The 
precipitate may commence by being white and get gradually darker 
and eventually black. 

The precipitate is insoluble in 50 per cent, nitric acid (distinction 

M 2 
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from lead, copper and l^ismuth). It may turn grey or white on 
boiling with nitric acid. When dried and treated as in test No. i 
(mercury) it gives the deposit of mercury on the upper part of the 
tube. 

*6. Mercuric salts in solution give witli potassium iodide (KI) 
a precipitate which is first yellow, but which immediately changes 
to a bright red colour. It is mercuric iodide (Hgl2). 


Summary 

From a study of the above-mentioned reactions it will be seen 
that — 

(1) Silver and mercurous salts are preci])itatcd by dilute hydro- 
chloric acid, 

(2) Lead is partially precipitated by dilute hydrochloric acid. 

(3) Mercuric salts are not precipitated by dilute hydrochloric 
acid. 


Expt. 179. — Examine the given substances for the presence of 
.lead, silver or mercury. 

If, in a solution of an unknown salt, a white precipitate is obtained 
on the addition of dilute hydrochloric acid, the precipitate may be 
the chloride of silver, mcrcury(ous) or lead. 

(If the solution is very dilute, lead may not be precipitated at 
all.) . 

To a portion of the precipitate add ammonium hydrate. 


The precipitate dis- 
solves. Add dilute 
nitric acid to the 
solution. 

A white precipitate in- 
dicates the presence 
of 

SILVER. 


The precipitate turns 
black. Apply test 
No. I for mercury 
to this black mass 
A mirror confirms 
the presence of a 
MERCUROUS com- 
pound. 


If the precipitate is 
neither soluble nor 
blackens, boil some 
with water ; salt dis- 
solves ; reprecipi- 
tates on cooling. 

LEAD 

is present ; confirm 
by lead tests given 
above. 
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Equations (Group I) 


Silver 


I. What probably happens may i)c roughly represented, 


2AgN03 

Silver 

nitrate 


+ 

with 


Na.CO, 

Sodium 

carbonate 


gives 


2NaN03 

Sodium 

nitrate 


«ind 


Ag2C03 
Sliver 
i arbonate 


AgaCOj 


CO. 

Silver 


Carbon 

carbonate 

gives 

dioxide 


AgsO 

Silver 

oxide 


2 . 2 Ag 20 

Silver 
oxide 


+ c -= 

with Caibon gives 


Metallic 

sliver 


+ 

and 


COj 

C'.irlion 

dioxide 


Also 2AgN03 
Silver 
nitrate 


gives 


2AgN02 

Silver 

nitrite 


0 > 


and Oxygen 


etc. 


AgNOo, on heating, splits up, leaving silver. 


■3. (a) AgNOj 
Silver 
nitrate 


+ HCl = AgCl 

and Hydro- give Silv^cr 

chloric chloride 

acid (white) 


4 - 

and 


TINO3 

Nitric 

acid 


(b) and (c) The silver chloride is soluble in ammonium liydroxidc, 
forming a complex compound which is decomposed by dilute nitric 
acid. 


4. (a) 2AgN03 + K^CrO^ - Ag2Cr04 4 - 2KNO3 

Silver and Potassium give Silver and Potassium 

nitrate chromate chromate nitrate 

(red 

precipitate) 

(b) Ag 2 Cr 04 H- 2lia -- 2AgCl I- H 2 Cr 04 

Silver and Hydro- give Silver and Chromic 

chromate chloric chloride acid 

acid (white 

precipitate) 


Lead 


3. Pb(N03)2 4 - 2HCI - PbCla 4 - 2HNO3 

Lead and Hydro- give Lead and Nitric 

nitrate chloric chloride acid 

acid (white 

precipitate) 
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4 . PKNOj)^ 

"f’ 

K2Cr04 

— 

PbCr04 + 

2KNO3 

Lead 

and 

Potassium 

give 

Lead and 

Potassium 

nitrate 


chromate 

chromate 

nitrate 





(yellow 

precipitate) 


5. Pb(N03)2 

■f 

H2SO4 


PbS04 + 2HNO3 

T ead 
nitrate 

and 

Sulphuric 
acid ‘ 

give 

Lead , 

sulphate 

Nitric 

acid 

6. Pb(N 03)2 

-h 

TIjS 

— 

PbS -f- 

2TTN03 

Lead 

and Sulphur- 

give 

Lead and 

Nitric 

nitrate 


cttcd 

hydrogen 

sulphide 

acid 




Mercury 



3. ]Ig(N03)3 

-f 

Cu 


Cu(N 03)2 "b 

Hg 

Mercuric 

nitrate 

and 

Copper give 

Titrate Mercury 

4. (a) HgNO, 


h IICl 


IlgCl + 

HNO3 

Mercurous and Hydro- 

give Mercurous and 

Nitric 

nitrate 


chloric 


chloride 

acid 



acid 


(calomel) 


5. HgCU 


H,S 

=rz 

■ HgS 

2nci 

Mercuric 

and 

Sulphur- give 

Mercuric and 

Hydro- 

chloride 


etted 


sulphide 

chloric 



hydrogen 


(black 

precipitate) 

acid 

6. HgCIj 


2KI 


+ 

2X0 

Mercuric 

and Potassium 

give 

Mercuric and Potassium 

chloride 


iodide 

iodide 

chloride 





(red 

precipitate) 




DFJIONSTRATION 39 
Tksts for Metals — Oroup II 

Metals of the second group comprise mercuric, lead, copper, 
bismuth, cadmium, arsenic, antimony and tin. 

Try to write equations representing the reactions marked with 
an asterisk (*). You will find the correct equations at the end of the 
demonstration (page 172). 

The reactions of mercury and lead have already been studied. 

Expt. 180. — Tests for Copper, Cu. 

Use copper sulphate, CuS04,5ll20. Many copper salts are 
coloured blue or green, both in the solid state and in solution. 

1. Mix a little of the powdered copper salt with sodium carbonate 
and a little potassium cyanide, and heat on charcoal under the 
blow-pipe flame. A residue of red flakes of metallic copper is found 
on the charcoal. The flakes do not run together owing to melting- 
point of copper being high. 

2. Make a borax bead and pul m it a minute (]uantity of 
a copper salt. 

Heat strongly in the oxidising (outer) flame , use the mouth 
blow-pipe ; tlie oxidising and reducing zones are easily defined. 

In the oxidising (outer) flame the bead is green when hot, but 
turns blue on cooling. In the reducing flame the bead becomes 
reddish or opaque, due to the separation of metallic copper. 

This red colour may be produced more easily if, before heating 
in the reducing flame, the bead is dipped in stannous chloride 
(SnCls). 

3. Copper compounds colour the Bunsen flame green. If the 
substance be first moistened with concentrated hydrochloric acid 

169 
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and then introduced into the Bunsen flame on a platinum wire 
the flame is coloured green, but after a time the colour changes to 
blue. 

*4. To a solution of a copper salt add hydrochloric acid (HCl)— 
no precipitate. 

Pass sulphuretted hydrogen (II2S) through the solution — black 
precipitate of copper sulphide (CuS). Filter off the copper sulphide 
and dissolve it in 50 per cent, nitric acid (HNO3). 

Potassium cyanide prevents the precipitation of copper as copper 
sulphide. 

*5. To a solution of a copper salt add ammonium hydrate 
(NH4OH) ; a bluish-green precipitate of basic salt is first formed, 
but it dissolves in excess of ammonium hydrate, forming a beautiful 
blue solution. This test is very delicate. 

*6. To a solution of a copper salt add a solution of potassium 
ferrocyanidc [K4Fc(CN)6]. A chocolate brown precipitate of cupric 
ferrocyanide {Cu2[Fe(CN)g]} is thrown down (in very dilute 
solutions only a brown coloration may be produced). 

Expt. 181, — Tests for Cadmium, Cd. 

llse cadmium chloride, CdCl2, 21120. Cadmium salts are gener- 
ally white. 

T. Mix some of the powdered ('admium salt with sodium car- 
bonate and heat strongly on charcoal under the blow-pipe. A 
brown incrustation of cadmium oxide (CdO) is obtained. 

2. Cadmium compounds give no colour in the borax bead nor to 
the Bunsen flame. 

*3. To a solution of a cadmium salt add dilute hydrochloric 
acid — no precipitate. Pass sulphuretted hydiogen (H2S) through 
the solution. Cadmium sulphide (CdS) is thrown down as a light 
yellow precipitate. 

If the solution is too strongly acid the precipitate will not 
come down. Add water to the solution and pass sulphuretted 
hydrogen (HaS). Cadmium sulphide is insoluble in emmonium 
sulphide [(NH4)2S], sodium hydrate (NaOII) and potassium cyanide 
(KCN). Cadmium sulphide (Cd.S) is soluble in dilpte hydrochloric 
and nitric acids. 

*4. To a solution of a cadmium salt add ammonium hydroxide 
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(NH4OH). A white precipitate is formed and is soluble in excess of 
ammonium hydroxide. 

Expt. 182 — Tests for Bismuth, Bi. 

Use Bismuth nitrate, Bi(N03)3,3H20. 

1. Mix some of the powdered salt with sodium carbonate and 
heat on charcoal under the Idow-pipe. A metallic bead is formed 
which, when punched in the mortar, is found to be brittle. An 
incrustation of bismuth oxide (BiaO^) is formed on the charcoal. 
It IS orange-red when hot and light yellow when cold. 

2 . Bismuth compounds give no indication in the borax bead. 
When heated dry in a test-tube, the mass often looks orange- 
coloured when hot and pale yellow' when cold. When heated in 
the Bunsen flame, a pale blue coloration is produced, but it is not 
distinctive. 

*3. Through a solution of a bismuth salt in dilute hydrochloric 
acid pass sulphuretted hydrogen (II 2S) ; a dark brown or black 
precipitate of bismuth sulphide (BigSs) is then thrown down. 
It is easily soluble in 50 per cent, nitric acid (IINO3). 

*4. I’o a solution of a bismuth salt m dilute hydrochloric acid 
add excess of water. A basic salt (BiOCl) is thrown down. This 
precipitate is insoluble in tartaric acid (distinction from antimony). 

*5. To the solution of a bismuth salt add a solution of ammonium 
hydrate (NTT4OII); a w'hite precipitate is thrown down which is 
insoluble in excess of ammonium hydrate. 

Expt. 183. — Test the given substances for the presence of 
mercury(ic), lead, bismuth, copper, or cadmium compounds. 


Summary 

From the foregoing tests for mercury(ic), lead, copper, cadmium, 
and bismuth it will be seen that — 

(1) Lead is partially precipitated by dilute hydiochloric acid, 
but that mercur(ic), copper, cadmium, and bismuth are not precipi- 
tated. 

(2) All these five metals arc precipitated by sulphuretted 
hydrogen in the presence of dilute hydrochloric acid. 
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(3) Cadmium sulphide is yellow and insoluble in ammonium 
sulphide and caustic soda. 

(4) The other sulphides are black or nearly black ; of these, 
mercuric sulphide is the only one which is insoluble in 50 per cent, 
nitric acid. 

These metals may he detected by means of the following table. 

Acidify the solution of your salt with dilute hydrochloric acid- 
no precipitate (.*. Group 1 . absent). Through the solution pass 
sulphuretted hydrogen. A precipitate is formed ; filter, wash 


Precipitate is black. Warm with 50 '’i nitric acid 


Precipitate 
is yellow 


I 


Precipitate is 
insoluble ; it 
may turn i?rey 
or white. Mix 
up with dry 
sodium car- 
bonate and 
potassium ni- 
trate. Heat in 
a bulb-tube 
A mirror indi- 
cates the pres- 
ence of 


MERCURy(lO) 


The precipitate dissolves. Evaporate the 
solution down, or, better, take the original 
solution. 


k Add dilute 
sulphuric 
acid ; a white 
precipitate 
soluble m am- 
monium ace- 
tate indicates 
the presence 
of 

LLAI). 


B. Add ammon- 
ium hydrate A 
white precipitate 
soluble m hydro- 
chloric acid, but 
reprecipitated on 
large dilution 
with w'ater, indi- 
cates the pres- 
ence of 

BISMUTH 


B Add ammon- 
ium hydrate , 
the solution 
turns a bril- 
liant blue col- 
our ; 

COPPER 

IS present. 


Warm with 
a m m o n ium 
sulphide or 
sodium hy- 
drate Pre- 
cipitate does 
not dissolve , 

CADMIUM 

IS present. 


Equations (Group II.) [a). 
Copper 


4 '. CUSO 4 
C'oppcr 
sulphate 


+ II2S - CuS f II^SO, 

With Sulphui cited gives Cupric and Sulpliuric 
hydrogen sulphide acid 

(black 
precipitate) 


CuS 

Coppci 

sulphide 


{ 

with 


2 IINO 3 

Nitric 

acid 


gives 


CuCNO,), f- 11, S 

Copper , Sidphiirftted 

nitrate ^ hydrogen 


The sulphuretted hydrogen A\ill be partly oxidised by the nitric 
acid. Some sulphur may remain in the solution in suspension. 


5. 2CUSO4 

Copper 

sulphate 


+ 

and 


2NH4*0H 

Ammonium 

hydrate 


give 


CuS 0 „Cu( 01 I), -I- (NH4),S04 

Basic copper , 1 Ammonium 

sulphate sulphate 
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CuS 04 ,Cu( 0 H )2 + 6NH4*0H f (NH4)2S04 

Basic copper with excess of and Ammonium 
sulphate ammonium sulphate 

hydrate 

2(CuS04,4NH3) + 8H3O. 

gives (Blue solution) and Water 

6'. 2CUSO4 + KiFcCCN), = Cu^FeCCN)* + K3SO4 

Copper with Potassium gives Cupric and Potassium 
sulphate ferrocyamdc ferrocyanide sulphate 

(brown 

precipitate) 


Cadmium 

3 . CdCla I- H 2 S — CdS -j- 2 HCI 

Cadmium with Sulphuretted gives Cadmium and Hydro- 
chloride hydrogen sulphide chloric 

(yellow acid 

precipitate) 

This reaction is reversible. 

4. CdCl2 f- 2NH4-0H - Cd(OII)2 -f 2NH4CI 

Cadmium and Ammonium give Cadmium and Ammonium 
chloride hydrate hydrate chloride 

(white 
precipitate 
soluble m 
excess of 
NH4'0H) 


Bismuth 

3 . 2 Bi(N 03)3 + 3 H 2 S — Bi^Ss 6 HNO 3 

Bismuth and Sulphuretted give Bismuth and Nitric 

nitrate hydrogen sulphide acid 

( brownish - 
black 

precipitate) 

Tliis action is reversible. 

-f II 2 O - BiOCl -1- 2 IICI 

and Water give Bismuth and Hydrochloric 

(large oxychloride acid 

volume) (white 

precipitate) 


4 . BiCla 
Bismuth 
chloride 


5. Bi(N03)3 
Bismuth 
nitrate 


with 


3 NH 4 -OH - Bi(OH), -[- 3NH4-N02 

Ammonium Bismuth , Ammonium 

hydrate hydroxide ‘ ^ nitrate 
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Tests for Metals — Group II. ( b ) — { continued ) 

Try to write equations representing the reactions marked with 
an asterisk (*). You will find the correct equations at the end of the 
demonstration (page 178). 

Expt. 184. — Tests for Arsenic, As. 

For dry tests use arsenious oxide, AssOg. 

For wet tests dissolve arsenious oxide in dilute hydrochloric 
acid. 

1. When arsenic compounds are heated on charcoal under the 
blow-pipe flame a white fume is produced which smells strongly 
of garlic. This is characteristic of arsenic. 

2. When mixed with so^Tle sodium carbonate and charcoal 
and heated in a bulb-tube, compounds of arsenic are reduced 
and a black, shining sublimate will form on the upper part of the 
tube. 

The black sublimate is arsenic. It is soluble in sodium hypo- 
chlorite. (See below, Marsh’s Test.”) 

3. Arsenic compounds give a pale blue coloration to the Bunsen 
flame. A white, garlic-smelling vapour is also evolved. 

4. Compounds of arsenic give no coloration to the borax bead. 

*5. Through the solution of an arsenic salt pass sulphuretted 

hydrogen. A yellow precipitate of arsenious sulphide (AsgSg) is 
thrown down. It is insoluble in concentrated of dilute hydro-’ 
chloric acid ; soluble in sodium hydrate or ammonium sulphide. 

Note on Ammonium Sulphide 

When this reagent is mentioned, “ yellow ” ammonium sulphide 
must be used. It is not pure ammonium sulphide, as it contains 

*74 
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the ammonium salts of thionic acids, and gives a precipitate of 
sulphur when treated with an acid. It is prepared by passing 
sulphuretted hydrogen through a solution of ammonia in which 
free sulphur is suspended. The reagent should give no precipitate 
with calcium or magnesium salts. 

Expt. 185. — Tests for Antimony, Sb. 

Use antimony trichloride, SbOs- 

To obtain a solution hydrochloric acid must be present. 

1. When compounds of antimony arc mixed with sodium 
carbonate, and heated on charcoal under the blow-pipe, brittle 
beads of antimony are formed. White fumes of antimonious 
oxide (SbgOg) arc given off (a little potassium cyanide assists the 
reduction). 

2. Antimony compounds give no distinctive colour to the Bunsen 
flame or the borax bead. 

*3. Through a solution of an antimony salt acidified with hydro- 
chloric acid pass sulphuretted hydrogen. An orange-red pre- 
cipitate of antimony sulphide (SbjSg) is thrown down. The sulphide 
is soluble in strong hydrochloric acid, and, if the solution is too 
strongly acid, the sulphide may not be precipitated at all. It is 
also soluble in ammonium sulphide and sodium hydrate. (See 
also Expt. 95, page 99,) 

*4. To a solution of an antimony .salt add a very large bulk of 
water. An oxy-salt is precipitated. The precipitate is soluble in 
tartaric acid (distinction from bismuth). 

5. To a solution of an antimony salt in hydrochloric acid (nitric 
acid must be absent) add a piece of platinum foil. Now insert 
some zinc so that it is in contact with the platinum. A black 
stain of metallic antimony on the platinum indicates the presence 
of antimony. 


DEMONSTRATION (Marsh’s test) 

This is a very delicate test for arsenic and antimony. 

An apparatus for generation of hydrogen is fitted up. Pure 
zinc is put in it and one or two drops of copper sulphate solution. 
Dilute (pure) sulphuric acid is poured down the funnel and the 
action allowed to proceed until all the air is expelled from the 
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Woulfc’s bottle (test). A glass jet is fixed on to the delivery tube. 
As soon as the hydrogen burns quietly blow out the flame. Pour 
into the thistle funnel a little of a solution containing arsenic. 
Test the hydrogen to see if it is pure before again igniting the jet. 
Allow the burning hydrogen to play on to a cool white surface 
(evaporating basin). A black deposit indicates the presence of 
arsenic or antimony. 

If it is antimony it is insoluble in sodium hvpochlorite solution 
(NaOCl). 

If it is arsenic it is soluble in sodium hypochlorite (NaOCl). 
Prepare your sodium hypochlorite when required by adding 
chlorine water to cold caustic soda solution. 

2NaOII f CL-NaCl+NaClO. 

(The student can recollect that arsenic is soluble by remembering 
that “ arsenic ’’ has an s ” in it and antimony has no ‘‘ s.”) 

Expt 186. — Tests for Tin, Sn. 

There are two classes of tin compounds: Those m which tin 
behaves as a divalent element^ called stannous compounds^ and 
those in which tin behaves as a tctravalent clement, called 
STANNIC compounds. 

1. Mix any compound of tin with sodium carbonate and heat 
the mixture on charcoal under the blow-pipe flame. A little 
potassium cyanide assists the reduction. Malleable beads of tin 
are obtained. 

2. Tin compounds give no characteristic colour with borax bead 
nor in the Bunsen flame. 

*3. To a solution of a tin salt acidulated with dilute hydrochloric 
acid add a piece of platinum foil and then zinc in contact with the 
platinum foil. 

The platinum foil remains bright, but a spongy deposit of tin 
forms over the surface of the zinc. If this spongy deposit be now 
dissolved in hydrochloric acid the solution of stannous chloride 
(SnCl2) so produced will reduce mercuric chloride (HgClg) in solu- 
tion first to calomel (HgCl) and finally to mercury (Hg), a greyish- 
black coloured mass. 

*4. If sulphuretted hydrogen is passed through a solution of a 
stannous salt, acidulated with hydrochloric acid, a chocolate- 
brown coloured precipitate of stannous sulphide (SnS) is produced. 
It is soluble in ammonium sulphide and strong hydrochloric acid. 
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*5. If sulphuretted hydrogen (H2S) is passed through a solution 
of a stannic salt, acidulated with hydrochloric acid, a yellow pre- 
cipitate of stannic sulphide (SnS^) is thrown down. It is .soluble 
in ammonium sulphide. 

Expt. 187.— Examine the given substances for the presence of 
compounds of arsenic, antimony, or tin. 


Summary 

From the foregoing tests for arsenic, antimony and tin it will 
be seen that — 

(i) Arsenic^ antimony, and tin are precipitated as sulphides by 
sulphuretted hydrogen m the presence of hydrochloric acid. 

(3) Arsenic sulphide is not soluble in concentrated hydrochloric 
acid. The sulphides of antimoin and tin are soluble in concen- 
trated hydrochloric and. 

(3) If, to a solution which may contain antimony or tin^ some 
platinum foil and vine be added, a black deposit on platinum 
indicates the presence of aniunony, A spongy residue soluble in 
strong hydrochloric acid may be tin. {Vide hixpt. 186, No. 2.) 

These facts may be tabulated thus 

Through a solution of the salt^ acidulated w'ith hydrochloric acid, 
pass sulphuretted hydrogen. 

A coloured precipitate is produced. 

The precipitate is soluble m ammonium sulphide. 

To the solution add strong hydrochloric acid and boil. 


Yellow precipitate 
insoluble m boil- 
ing hydrochloric 
acid — 


No precipitate, or the precipitate first formed 
redissolves. To the solution add platinum 
foil and metallic zme 


ARSENIC 

present 

(confirm) 


Black stain on 
the platinum 
indicates the 
presence of 

ANTIMONY. 


No black stain on platinum. 
Completely dissolve residue 
m hydrochloric acid. To th6 
solution add mercuric chloride 
solution. A white precipitate, 
turning grey on warming, 
indicates the presence of 


TIN. 
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Equations—Group II. (b). 

Arsenic 

5. 2ASO3 + 3H2S = AS2S3 4- 6HC1 

Arsenic and Sulphuretted give Arsenic and Hydro- 

trichloride hydrogen tnsulphide chloric 

(yellow acid 

precipitate) 

As^Ss + 3(NH,)2S = 2(NH4)3 AsS3 

Arsenic and Ammonium give Ammonium 

tnsulphide sulphide thioarsenitc 

(yellow) 


Antimony 

3. 2Sbci3 + 3H2S r: sb^Sa + 6HC1 

Antimony with Sulphuretted gives Antimony and Hydro- 

trichloride hydrogen tnsulphide chloric 

(orange- acid 

coloured 
precipitate) 

This reaction is reversible. (See Expt. 95^ page 99.) 

Sb,S3 + 3(NH3),S = 2(NH4)3SbS3 

Antimony and Ammonium give Ammonium 

tnsulphide sulphide thioantimonite 

(yellow) 

4. SbCU + H3O = SbOCl + 2HCI 

Antimony with large'excess gives Antimony and Hydro- 


trichloride 

of water 


oxychloride 

chloric 

acid 



Tin 




SnClz 

Stannous 

chloride 

4- Zn 

and Zinc 

give 

ZnCla 

Zinc 

chloride 

+ Sn 

, Metallic 
^ ^ (spongy) tin 

SnCl4 + 

Stannic j 

chloride 

2Zn 

Zinc 

give 

2ZnCl2 

Zinc 

chloride 

+ 

and 

Sn 

Metallic 
(spongy) tin 

Sn -f" 

2HCI 

== 

SnClg 

+ 

II3 


Tin with Hydr^hloric Stannous 
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SnClg 

-1- 

2HgClj 

SnCl4 -f 

2ngCi 

Stannous 

and 

Mercuric give 

Stannic and 

Mercurous 

chloride 


chloride 

chloride 

chloride 




calomel (white 





precipitate) 

SnCls 

+ 

aHgCl 

SnCl4 4- 

Hg 

Stannous 

and 

Calomel give 

Stannic and 

Metallic 

chloride 



chloride 

mercury (grey 





precipitate) 

SnCl^ 

H" 

H2S — SnS 

+ 2HCI 

Stannous 

with 

Sulphuretted gives Stannous 

and Hydro- 

chloride 


hydrogen 

sulphide 

chloric 




(soluble in 

acid 




yellow 





ammonium 





sulphide) 




This reaction is 

reversible. 


SnCU 

+ 

2H2S — 

SnSa + 

4HCI 

Stannic 


Sulphuretted 

. stannic , 

Hydro- 

chloride 

iinci 

hydrogen ^ 

sulphide 

chloric acid 


DiinniclifTs Pract. Chem. 
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Tests for Metals — Group III 

Try to write equations representing the reactions marked with 
an asterisk (*). You will find the correct equations at the end of the 
demonstration. 

Expt. i88. — Tests for Iron, Fc. 

There are two classes of iron compounds — 

(1) Those in which iron behaves as a divalent metal, called 
FERROUS salts, and 

(2) Those in which iron belmves as a trivalent metal, called 
FERRIC salts. 

Reactions which are obtained with both ferrous’^ and ferric 
compounds. 

Use any compound of iron. 

1. Compounds of iron give no very definite indication when heated 
under the blow-pipe on charcoal. A magnetic residue may be 
obtained. Iron compounds give no characteristic colour to the 
Bunsen flame, 

2. Make a borax bead. Put in it a minute quantity of an iron 
compound. 

Heated in the outer (oxidising) flame, a bead is produced which is 
dark red when hot, but turns yellow on cooling. 

Heated in the inner (reducing) flame, a bottle-green coloured bead 
is obtained. 

*3. To a solution of any iron salt add a little nitric acid (HNO3) ; 
boil, cool, (i) Add ammonium hydroxide, a reddish-brown 
coloured precipitate of ferric hydroxide [Fe2(OH)6] is obtained. 

(2) Dissolve the precipitate in dilute- hydrochloric acid (HCl). 
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To the solution add potassium ferrocyanide solution [K4Fe(CN)6]. 
A blue coloration or precipitate indicates the presence of iron. 

4. To a solution of a compound of iron add dilute hydro- 
chloric acid — no precipitate. Pass sulphuretted hydrogen through 
the solution — no precipitate. 

Ferrous Compounds 

Use ferrous sulphate, FeS04,7H20. 

*5. (a) To a solution of the ferrous salt add a solution of potass- 
ium ferrocyanide [KiFe(CN)g] — a bluish-white precipitate of 
ferrous ferrocyanide, K2Fe[Fe(CN)o], is produced. 

{b) This bluish-white precipitate changes to a bright blue colour 
(Prussian blue) on standing exposed to the air or on treatment 
with an oxidising agent. 

* 6 . To the faintly acid solution of a ferrous salt add freshly 
prepared solution of potassium ferricyanidc [K3Fe(CN)6] — a dark 
blue precipitate of ferrous ferricyanide {Fe3[Fe(CN)6]2} (Turnbull’s 
blue) is thrown down. 

*7. Ammonium sulphide gives a black precipitate of ferrous 
sulphide (FeS) soluble in dilute mineral acids. 

Ferric Compounds 

Use ferric chloride, FeCl3,6H20. 

* 8 . To a solution of the salt add potassium ferrocyanide solu- 
tion [K4Fe(CN)tj] — a fine blue precipitate of ferric ferrocyanide, 
Fe4[Fe(CN)6]3, (Prussian blue), is obtained. The precipitate is 
insoluble in hydrochloric acid. 

9. To a solution of the salt add potassium ferricyanide [K3Fe(CN)6] 
solution ~a brown or reddish-brown coloration is obtained. 

*10. {a) To a solution of the salt add potassium (KCNS) or 
ammonium sulphocyanide [(NIl4)CNSJ solution — a blood-red colora- 
tion of ferric sulphocyanide [Fe(CNS)3] is produced. 

{b) This coloration is destroyed by mercuric chloride (HgC^) 
solution. 

This is a delicate test for ferric salts. 

Remember that if you wish to discover whether the given substance 
is a ferrous ” or ferric ” compound, the tests must be performed 
on the original substance itself. 


N ^ 
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Expt. 189. — Chromium, Cr. 

Use green chromium chloride, CrCl3,6H20. 

1. Compounds of chromium give no very definite indication 
when heated under the blow-pipe on charcoal, nor do they give 
any characteristic colour in the Bunsen flame. 

2. Make a borax bead. Put on it a minute quantity of a 
chromium compound. Heated in either the outer (oxidising) or 
the inner (reducing) flame an emerald green bead is produced. 

■^^3. Take any chromium contpound and intimately mix it with 
some sodium carbonate (NaaCOg) anhydrous, some solid caustic 
soda and a little potassium nitrate (KNO3). Ignite the mixture 
strongly on a piece of porcelain (a piece of broken evaporating 
basin does admirably) and a yellow mass is obtained. Cool the 
mass and dissolve it in water. Filter. To the filtrate add sufficient 
dilute hydrochloric acid to neutralise the sodium carbonate and 
sodium hydrate present. Now add to the solution sulphurous 
acid (SOoAq). The solution turns green. 

*4. Boil a solution of a chromium salt with ammonium chloride 
(NH4CI). Cool the solution. Add to it ammonium hydrate 
(NIl4*OH). A dirty green precipitate of chromium hydroxide 
[Cr(OH)3] is produced. Filter this off and apply test No. 3 (above) 
to it. 

Expt. 190. — Aluminium, Al. 

Use alum, K2S04,Al2(S04)3,24H20, or aluminium chloride, 
AlCl 3 , 61 l 20 . 

1. Aluminium compounds, when heated on charcoal before the 
blow-pipe flame, give a white mass which becomes brightly 
incandescent when strongly heated. Cool. Add two drops of 
cobalt nitrate or chloride to the white mas > and heat again in the 
inner blow-pipe flame. A blue-coloured mass is obtained (dis- 
tinction from zinc). 

2. Aluminium compounds give no indication when heated in the 
borax bead and no definite coloration to the Bunsen flame. 

3. Boil a solution of an aluminium salt with ammonium chloride 
(NH4CI) ; cool. 

* {a) Add ammonium hydroxide (NHj'OH). A white, gela- 
tinous precipitate of aluminium hydroxide [Al(OH)3] is produced. 
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* (b) This precipitate^ Al(OH)3, is soluble in sodium hydroxide 
(cf. Zinc). 

(r) On boiling the solution produced in (b) with ammonium 
chloride (NH4CI) the aluminium hydroxide is rc-precipitated 'dis- 
tinction from magnesium). 

Expt. 191. — Examine the given substances for the presence of 
compounds of iron, chromium, or aluminium. 


Summary 

From the foregoing tests we see that iron, aluminium, and 
chromium arc all precipitated by ammonium hydrate. The 
solution has first to be boiled with ammonium chloride in order to 
prevent the precipitation of certain other metals, e.g , manganese, 
ma'gnesium, etc. Before adding the amnipnium chloride, always 
boil the solution with one or two drops of nitric acid, because, if 
iron is present, it is necessary to oxidise it to the ferric ” state in 
order to ensure its complete precipitation by ammonium hydrate. 

In order to identify iron, aluminium, or chromium in a solution, 
boil with a few drops of concentrated nitric acid ; add ammonium 
chloride, boil and then cool. 

Add ammonium hydrate slowly until the solution just smells of 
ammonia after stirring ; a precipitate is formed. 


The precipitate 

The precipitate is reddish- 

The precipitate is dirty 

IS white — 

brown — 

green — 

CHROMIUM 

ALUMINIUM 

IRON 

is present. 

IS present. 

is present. 

Confirm by test No 4 

Confirm by the 

Dissolve a little of the 

Use the precipitate for 

tests on page 

precipitate in dilute hy- 

the test. 

182. 

•drochloric acid. Add a 
solution of potassium 
ferrocyanide. A blue 

precipitate or colora- 
tion confirms 

IRON. 

(A dirty green precipi- 
tate may be due to 
ferrous hydroxide. 

This can only happen 
if you have neglected 
the preliminary oxi- 
dation with nitric 
acid.) 
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Note to Demonstratops 

For testing for chromium in solution, prepare a solution by 
acidifying a solution of potassium chromate and boiling it with a 
solution of sulphur dioxide in water till the chromate is reduced 
and the solution smells no longer of sulphur dioxide. 


Equations (Group III) 


Iron 


3. (a) 2FeS04 + O 

Ferrous with Oxidising 
sulphate an agent 


f ILSO4 = Fe,(SO,), 

and Acid Rives 


+ HjO 
and Water 


(i.). Fe,(SO,,)3 + 6(NIl4-OH) + 2Fe(OH)3 + 3(^14)2804 

Ferric with Ammonium gives Ferric and Ammonium 

sulphate hydrate hydroxide sulphate 

(reddish-brown 

precipitate) 


5. ((i)FeS04 + K4Fe(CN)3 = K3Fe"[Fe(CN)e] + K3SO4 

J^'errous and Potassium give Potassium and Potassium 

sulphate ferrocyanidc ferrous sulphate 

feiTocyanidc 


(b) 4K3Fe"[Fe(CN)3l + O3 

Potassium ferrous exposed to air 

fcrrocyamde (bluish 
precipitate) 


gives 


2K2SO4 

Potassium 

sulphate 


-f- 2 lIoO 

and Water 


b K 4 Fe(CN )6 

^ , Potassium 

^ fcrrocyamde 


+ 2H3SO4 


I- Fe,(CN),3 

•ind Prussian 
blue 


6. 3FeS04 + 2K3Fe(CN)3 - Fe3[Fe(CN)3l> 1- 3K3SO4 

Ferrous and Potassium give Ferrous and Potassium 

sulphate ferncyanide ferncyanide sulphate 

(Turnbull's blue) 


7 * 


FeS04 

Ferrous 

sulphate 


-I 

with 


(NIl 4 ) 3 S 

Ammonium 

sulphide 


- FeS 


gives 


Ferrous 

sulphide 


+ 

and 


(NH 4 ) 3 S 04 

Ammonium 

sulphate 


8.3K4Fe(CN)e + 4FeCl5 
Potassium . Ferric 
fcrrocyanide chloride 


give 


T2KCI + 


Potassium 

chloride 


and 


Fe4[Fe(CN),], 

Ferric 

ferrocyanidc 
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. FeCla + 3KCNS - Fe(CNS)3 3KCI 

Ferric j Potassium * Ferric . Potassium 

chloride ^ sulphocyamde ^ sulphocyanide chloride 

. 2Fea3 f- 3 (^U,)S ^ 2FeS + 6NII4CI + S 

Ferric Ammonium „ ^ Ferrous Ammonium Sul- 

chloride sulphide g^'^^sulphlde chloride phur 


Chromium 


) 2Cr(OIl)3 
Chromium 
hydrate 

2 Na 2 Cr 04 

Sodium 

giv es chromate 


2Na2C03 

Sodium 

carbonate 

2CO2 

Carbon 

dioxide 


30 

Oxidising 

agent 


(b) 2Na2CrOj h 2IICI 2NaCl + Na2Cr207 + HgO 

Sodium with Dilute gives Sodium Sodium Water 

chromate hydrochloric chloride bichromate 

acid 


NaaCrgO: 

Sodium 

bichromate 


II2SO, 

Sulphuric 

acid 


3S0, 

Sulphur 

dioxide 


Cr2(SO,), 

Chromic 

sulphate 


NagSO,, 

Sodium 

sulphate 


CrCl., + 3NII40TI = Cr(OIl)3 

Chromic and Ammonium give Chromium 
chloride hydrate hydroxide 

(dirty green 
precipitate) 


3NH4C1 

Ammonium 

chloride 


3. (a) AlCl, 

Aluminium , 
chloride 


Aluminium 

sNHi'OH == Al(On)3 

Ammonium Aluminium 

hydrate hydroxide 

NaOH -= NaAlO, 


f- 3NH4CI 
j Ammonium 
chloride 


A1(0H)3 -h NaOH -= NaAlO^ - 1 - all^O 

Aluminium with Sodium gives Sodium and Water 

hydroxide hydrate aluminate in 

solution 


NaAlOa 

Sodium 

aluminate 


NH4CI 

Ammonium 

chloride 


= Al(OH)j + NaCl 

Aluminium Sodium 

hydroxide chloride 


and Ammonia 
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Tests for Metals — Group IV 

Try to write equations representing the reactions marked with 
an asterisk (*). You will find the correct equations at the end of the 
demonstration (page 190). 

Expt. 192. — Cobalt, Co. 

Use cobalt nitrate, Co(NO.j) 2,61400, or cobalt chloride, 
CoClo^bH^O. 

Most cobalt salts give a pink solution in water. 

1. Cobalt compounds give no characteristic action when heated 
on charcoal under the blow-pipe, or any definite coloration to the 
Bunsen flame. 

2. Make a borax bead, put in it a minute quantity of the cobalt 
salt. Heat in the outer (oxidising) flame, or in the inner (reducing) 
flame. The bead is a fine sapphire-blue colour. 

3. Boil a solution of a cobalt salt with ammonium chloride 
(NH4CI) ; cool. 

(a) Add ammonium hydrate — no precipitate. 

^{b) Pass sulphuretted hydrogen (H2S) through the ammo- 
niacal solution — a black precipitate of cobalt sulphide (CoS) is 
thrown down. 

{c) The precipitate is insoluble in excess of ammonium sulphide 
[(NH4)2S] and in dilute hydrochloric acid. 

{d) The precipitate is soluble in dilute hydrochloric acid (IICI) 
to which a crystal of potasduni chlorate (KCIO3) has been added. 
This is due to the action of nascent ’’ chlorine. (See Expt. 44B, 
page 47.) 

Optional — 

*4. To the solution of the cobalt salt add potassium cyanide 
(KCN) solution drop by drop. A brownish-coloured precipitate of 

t86 



TESTS FOR METALS— GROUP TV 187 

cobalt cyanide [Co(CN)2] is produced which dissolves in potassium 
cyanide. (Avoid large excess of potassium cyanide.) Potassium 
cobaltocyanide [K4Co(CN)J is produced. Add sodium hydrate 
(NaOFI) and bromine water (BrAq). No precipitate is produced, 
but the cobaltocyanide [K4Co(CN)6] is oxidised to cobalticyanide 
[K3Co(CN)J. 

Expt. 193. — Nickel, Ni. 

Use nickel sulphate, NiS04,7ll20. 

Most nickel salts give a green solution in water. 

1. Nickel compounds give no characteristic action when heated 
on charcoal under the blow-pipe, nor any definite coloration to the 
Bunsen flame. 

2. Make a l^orax bead, put in it a minute quantity of the nickel 
salt. 

Heat in the outer (oxidising) flame ; the bead is coloured violet- 
brown wlien hot, and yellowish-red when cold. (A trace of potassium 
nitrate (KNO3) assists this test.) 

Heat in the inner (reducing) flame ; the bead is coloured grey. 
The grey colour is due to particles of finely-divided nickel. 

3. Boil a solution of a nickel salt with ammonium chloride 
(NII4CI). 

(a) Cool, add ammonium hydrate (NH4’OII) — no precipitate. 

^(b) Pass sulphuretted hydrogen (H2‘S) through the ammoniacal 
solution — a black precipitate of nickel sulphide (NiS) is thrown 
down. 

(c) The precipitate (NiS) is difficultly soluble in hydrochloric 
acid, but dissolves readily on adding a small crystal of potassium 
chlorate (KClOg). (The solvent action is due to the action of 
nascent chlorine.) 

Note. — If ammonium sulphide is used to precipitate the nickel 
sulphide instead of passing sulphuretted hydrogen through the 
ammoniacal solution a black-coloured solution may be obtained. 
This is due to the solubility of nickel sulphide in ammonium sul- 
phide. The nickel sulphide may be precipitated from this dark 
solution by the addition of acetic acid. 

Optional — 

*4. To the solution of the nickel salt add potassium cyanide. 
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(KCN) solution drop by drop. A yellowish-green precipitate of 
nickel cyanide [Ni(CN)2] is produced, which dissolves in potassium 
cyanide, forming a brown solution containing a double salt 
[K2Ni(CN)4.]. (Avoid large excess of potassium cyanide.) To 
the solution add sodium hydrate and bromine water (BrAq) 
or strong sodium hypochlorite (NaOCl) solution. A black 
precipitate of nickelic hydroxide [Ni(OH)3] is thrown down. 

Expt. 194. — Manganese, Mn. 

Use manganese sulphate, MnS0,„4H20. 

Salts of manganese have a pale pink colour and give a colourless 
or pale pink solution in water. Many manganates are green, 
many permanganates are violet or pink. 

1. Manganese compounds gi\x no characteristic reaction when 
heated on charcoal under the blow-pipe, nor any definite coloration 
to the Bunsen flame. 

2. Make a borax bead and put in it a minute quantity of the 
manganese salt. 

Heated in the outer (oxidising) flame the bead is coloured 
amethyst. 

Heated in the inner (reducing) flame the bead becomes practically 
colourless. 

*3. (a) Mix some of the manganese compound with fusion mix- 
ture (a mixture of sodium and potassium carbonates) and a little 
potassium nitrate (KNO3). Heat strongly on platinum or on a 
piece of porcelain (a piece of broken evaporating basin serves the 
purpose admirably). Hold the porcelain in a pair of iron tongs 
and use the foot blow-pipe. A green colour should be produced. 
If there is any difficulty in getting this green colour allow the mass 
to cool and then add some solid sodium hydrate and heat again. 
The green colour is due to the presence of alkali manganate 
(NagMnO^) which dissolves in water, giving a green solution, (b) This 
green solution is turned pink due to the formation of sodium 
permanganate (NaMn04) by the action of dilute sulphuric acid. 
This solution may turn pink without the addition of sulphuric 
acid if much water is added. 

*4. Boil a solution of a manganese salt with ammonium chloride 
(NH4CI) ; cool. 
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(a) Add ammonium hydrate (NH4*OH). No precipitate should 
be formed. Keep out of air contact as much as possible. 

^(b) Pass sulphuretted hydrogen (H2S) through the ammoniacal 
solution — a buff- or pinkish-coloured precipitate of manganese 
sulphide (MnS) is produced. (The colour of precipitate may vary 
from dirty yellowish- white to a distinct pink colour.) 

*(c) This precipitate is easily soluble in dilute mineral acids. 
^{d) This precipitate is soluble in dilut(i* acetic acid (CIIs’COOH) 
(distinction from zinc). 

Expt. 195. — Zinc, Zn. 

Use zinc sulphate, ZnSO.^yHaO. 

1. Zinc compounds give no characteristic colour to the Bunsen 
flame nor to the borax bead. 

2. When the powdered zinc salt is heated on charcoal under the 
blow-pipe a white mass of zinc oxide (ZnO) is obtained. This glows 
when hot and is of a yellow colour. On cooling it turns white. 
Moisten this white mass with two drops of cobalt chloride or nitrate 
and heat again under the blow-pipe. A bright green mass is 
obtained. (Cf. Aluminium, page 182.) 

3. Boil the solution of a zinc salt with ammonium chloride 
(NII^Cl) and cool. 

(a) Add ammonium hydrate (NIItOH). No precipitate. 

^(h) Pass sulphuretted hydrogen (HgS) through the ammoniacal 
solution. A white precipitate of zinc sulphide (ZnS) is thrown down. 
*(c) The white precipitate is soluble in dilute mineral acids. 

^^(d) The white precipitate (ZnS) is insoluble in acetic acid 
(CH3*COOn) (distinction from manganese). 

*4. (a) To a solution of a zinc .salt add a solution of sodium 
hydrate (NaOH). A white precipitate of zdnc hydroxide [Zn(OH)2] 
is produced. 

*{b) The zinc hydroxide is soluble in excess of sodium 
hydroxide. 

*(c) Pass sulphuretted hydrogen (lIgS) through the solution. 
A white precipitate of zinc sulphide (ZnS) is thrown down. 

Expt. 196. — Examine the given substances for the presence of 
cobalt, nickel, manganese, or zinc. 
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Summary 

From the foregoing tests for cobalt nickel^ manganese, and zinc 
it will be seen that — 

(1) None of these metals is precipitated by ammonium chloride 
or ammonium hydrate in presence of ammonium chloride. 

(2) All these metals are precipitated by sulphuretted hydrogen 
in the presence of ammonium hydrate. 

(3) Two of the sulphides are black, viz., cobalt sulphide and nickel 
sulphide. 

(4) Two of the sulphides are not black. 

(5) If the sulphide is not black and is soluble in acetic acid, it is 
manganese sulphide ; if it is white and insoluble in acetic acid, it is 
zinc sulphide. 

(6) Both the light-coloured sulphides are soluble in dilute 
hydrochloric acid. 

(7) Zinc hydroxide is soluble in excess of sodium hydrate. 


Table for the identification of the metals of Group IV. 


The precii)it<ate is black. , 

The precipitate is not black. 

Examine by bead tests. 

Dls.solve the precipitate In dilute hydrochloric 
acid. Add sodium hydrate — a precipitate is 
formed. 

l^lue bead in 
both oxidising 
and reducing 
flames i n d i - 
cates the pres- 
ence of 

COBALT. 

Violet-red bead 
in 0 X 1 d i s i n g 
flame, grey 
bead in reduc- 
ing flame, 
indicates the 
presence of 

NICKEL. 

(1) It is soluble in 
excess of sodium 
hydrate. Pass sul- 
phuretted hydrogen 
i through the solu- 
tion. White precipi- 
tate indicates the 
presence of 

ZINC. 

(2) It is insoluble in excess 
of sodium hydrate. Filter 
off precipitate. Mix with 
fusiou mixture and caus- 
tic soda (solid) and heat 
on porcelain. Green mass 
turning pink on solution 
in dilute sulphuric acid 
indicates the presence of 

MANGANESE. 


Equations (Group IV) 

Cobait 

3. {h) Co(N 03)2 + (NH4)2S - CoS 4 - 2NH,-N03 

Cobalt with Ammonium gives Cobalt and Ammonium 

nitrate sulphide sulphide nitrate 

(black 

precipitate) 
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4. (a) Co{NO,), + 2KCN - Co(CN). 
Cobalt with Potassium gives Cobalt 
nitrate cyanide cyanide 

(yellowish- 

brown 

precipitate) 


Co(CN), 

Cobalt 

cyanide 


4 - 2KNO3 
and Potassium 
nitrate 


4KCN 

excess of 
Potassium 
cyanide 


K,Co(CN), 

Potassium 
cobaltocyanide 
(in solution) 


(c) 2K4 Co(CN)„ + Brj = 2K3Co(CN)e + 2KBr 

Potassium -.u n Potassium , Potassiun 

cobaltocyanide Bromine gives cobalticyanide =^"'1 bromide 


2KBr 

Potassium 


3. {b) NiS04 

Nickel 

sulphate 


(a) NiS04 
Nickel 
sulphate 


2KCN 


4. (NH4)2S = NiS 

with Ammonium gives Nickel £ 
sulphide sulphide 

(black 
precipitate) 

-4 2KCN - Ni(CN)3 

with Potassium gives Nickelous 


Ni(CN)3 

Nickelous \ 
cyanide 

2K3Ni(CN), 

Potassium 
nickel cyanide 

Ni,(OH), • 

Nickelic a 
hydroxide 
(black 
precipitate) 


cyanide cyanide 

(yellowish- 
green 

precipitate) 

2KCN - Ko^ 

excess of gives Potass 
Potassium C] 

cyanide (ms 

NaBrO -4 

d Sodium hypobromite and 
(bromine and 
sodium hydrate) 

NaBr 4 - 4HCN 4 - 

Sodium and Prussic an 

bromide acid 


(NH4)2S04 

Ammonium 

sulphate 


+ K3SO4 
and Potassium 
sulphate 


K2Ni(CN)4 

Potassium nickel 
cyanide 
(in solution) 


4KCN 

Potassium 

cyanide 


Note — 

2NaOK 4- Brg - NaBr 4- NaBrO 4 - HgO 

Sodium •, • Sodium Sodium 

hydrate Bromine give bromide hypobromite Water 

The prussic acid formed would react with the excess of NaOH 
and give NaCN. 


and Water 
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Manganese 


3. (a) MnSOi -h 

2Na2C03 

-h 

0, 

Manganese with 

Fusion 

and 

Air 

sulphate 

mixture 


(oxidising 

agent) 

= Na2Mn04 + 

Na 2 S 04 

"h 

2CO2 

give Sodium and 

Sodium 

and 

Carbon 

manganate 
(green mass) 

sulphate 


dioxide 

(b) 3 Na 2 Mn 04 

p 

311^0 

Sodium manganate 

with 

excess 

of 

(green solution) 

Water 

= 2NaMn04 + 

Mn02(Il20) 

H- 

4NaOH 

gives Sodium and 

Hydrated 

and 

Sodium 

permanganate 
(pink solution) 

manganese 

dioxide 


hydrate 


4. (b) MnS04 + (NH4)2S = MnS -h (Nn4)2S04 

Manganese with Ammonium gives Manganese and Ammonium 
sulphate sulphide sulphide sulphate 

(light- 

coloured 

precipitate) 

(^) and ((/) MnS + dilute niineral acid (or acetic acid) gives 
sulphuretted hydrogen and the manganese salt of the acid. 


Zinc 

3. (b) ZnSO, ~h (NH,)2S - ZnS -|- (NH4)2S04 

Zinc with Ammonium gives Zinc and Ammonium 

sulphate sulphide sulphide sulphate 

(white 

precipitate) 

(c) ZnS + dilute mineral acid gives sulphuretted hydrogen and 
the zinc salt of the acid. 


4- 

(a) Zn(S04) + 

2Na(0II) 


Zn(0H)2 


sulphate 

Sodium 

gives 

Zinc 


hydrate 

hydrate 


Zn(OH)j + 

2Na(0H) 

== 

NagZiiO; 


Zinc with 

Excess of 

gives 

Sodium 


hydrate 

sodium 

hydrate 

zincate 



and 


Na 2 S 04 

Sodium 

sulphate 


+ H2O 
and Water 


(c) Na^ZnOa -f H^S = ZnS d- 2NaOH 

Sodium and Sulphuretted gives Zinc and Sodium 

zincate hydrogen sulphide hydrate 

(white 

precipitate) 



DEMONSTRATION 43 
Tests for Metals — Group V 

Try to write equations representing the reactions marked with 
an asterisk (*). You will find the correct equations at the end of the 
demonstration (page 197). 

Expt. 197. — Barium, Ba. 

Use barium chloride, BaCl2,2H20. 

1. Heated under the blow-pipe on charcoal, barium compounds 
give a white, infusible mass which glows when strongly heated. 

2. Barium compounds give no indication in the borax bead. 

3. Barium compounds moistened with hydrochloric acid give 
an apple-green colour to the Bunsen flame. This colour is very 
persistent and may persist long after other substances which 
produce coloured flames have been burnt in the wire. 

4. Boil a solution ol the barium salt with ammonium chloride 
(NII4CI) and cool. 

(a) Add ammonium hydrate (NIU’OII) — no precipitate. 

(b) Through a portion of the ammoniacal solution pass sul- 
phuretted hydrogen (H2S) — no precipitate. 

*(c) To the rest of the solution add ammonium carbonate 
[(NIT4)2 CO;j] -white precipitate of barium carbonate (BaCOg). 

Filter the precipitate and dissolve it in dilute acetic acid 
(CHg'COOH). 

*(<?) To the solution add potassium chromate solution (K2’Cr04) — 
a yellow precipitate of barium chromate (BaCr04) is thrown down. 
This precipitate is insoluble in acetic acid (CHg-COOH) — distinction 
from calcium and strontium. 

*5. To a solution of a barium salt add calcium sulphate (CaS04) 

*93 
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solution — a white precipitate of barium sulphate (BaS04), insoluble 
in dilute mineral acids, is formed. 

Expt. 198.— Strontium, Sr. 

Use strontium chloride or nitrate. 

1. Heated under the blow-pipe on charcoal, strontium compounds 
give a white, infusible mass which glows when strongly heated. 

2. Strontium compounds give no indication in the borax 
bead. 

3. Strontium compounds moistened with hydrochloric acid 
give a brilliant crimson colour to the Bunsen flame. The colour 
quickly dies* away. 

4. Boil a solution of a strontium salt with ammonium chloride 
solution (NH4CI) ; cool. 

(a) Add ammonium hydrate (NH^'OH) — no precipitate. 

(b) Through a portion of the solution pass sulphuretted hydrogen 
(H2S) — no precipitate. 

*(^:) To the rest of the solution add ammonium carbonate 
solution [(NH4)2C03]— white precipitate of strontium carbonate 
(SrCOa). ' . 

*(d) Filter the precipitate and dissolve it by pouring acetic 
acid (CHj’COOH) over it. 

(e) To the solution add potassium chromate solution (K2Cr04) — 
no precipitate (distinction from barium). 

*(J) To this solution add calcium sulphate solution (CaS04) — a 
white precipitate of strontium sulphate forms at once or on standing 
(distinction from calcium). This precipitate of strontium sulphate 
may also be formed by warming a solution of a strontium salt wuth 
ammonium sulphate [(NIl4)2S04]. 

Expt. 199. — Calcium, Ca. 

Use calcium chloride, CaCl2,6H20. 

1. Heated under the blow-pipe on charcoal, calcium compounds 
give a white, infusible mass which glows when strongly heated. 

2. Calcium compounds give no indication in the borax bead. 

3. Calcium compounds, moistened with hydrochloric acid, give 
a yellowish*red colour to the Bunsen flame. Learn to distinguish 
this from the sodium flame by comparing the two flames. 
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4. Boil a solution of the calcium salt with ammonium chloride 

(NH4CI). 

(a) Add ammonium hydrate (NH^OH) — no precipitate. 

(b) Through a portion of the ammoniacal solution pass sul- 
phuretted hydrogen (HgS) — no precipitate. 

^(c) To the rest of the solution add ammonium carbonate 
[ NH4)2C03] — white precipitate of calcium carbonate (CaCOg). 

Filter off the precipitate and dissolve it by pouiing acetic 
acid (CIIa’COOH) over it. 

^{e) To the solution add potassium chromate solution (K2Cr04) — 
no precipitate (distinction from barium). 

*5. (a) To a solution of a calcium salt add ammonium oxalate 
solution [(NIl4)2C204j. A granular precipitate of calcium oxalate 
(CaC204) is thrown down. Filter and dry the precipitate. 

^(b) The dry calcium, oxalate on ignition should — 

(1) not blacken. 

(2) give off an inflammable gas — carbon monoxide (CO). 

(3) leave a residue of calcium carbonate (CaCOg) which, with 
a dilute acid/ effervesces, giving carbon dioxide gas (CO2). 

Calcium oxalate is insoluble in acetic acid (CIIg'COOH), but 
soluble in dilute hydrochloric acid. 

Expt. 200 — Examine the given substances for the presence of 
barium, strontium, and calcium. 

Summary 

It will be seen from the foregoing tests for barium, strontium 
and calcium that — 

(1) None of these metals is precipitated by ammonium hydrate 
or ammonium sulphide in the presence of ammonium chloride. 

(2) All these metals are precipitated by ammonium carbonate, 
giving carbonates of the metals. 

(3) The precipitated carbonates are soluble in acetic acid. 

(4) Barium is precipitated as barium chromate in the presence of 
acetic acid, while the chromates of calcium and strontium are 
soluble in acetic acid. 

(5) If barium is not present, strontium may be precipitated by 
calcium sulphate solution. 

DunniclifF’s Pract. Chem. O 
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(6) If (i) barium is not precipitated as chromate, nor (2) stron- 
tium precipitated as sulphate, then, both these metals being absent, 
calcium may be precipitated as oxalate. (Note. — Both strontium 
and barium give insoluble oxalates, so they must either be removed 
or proved to be absent before using ammonium oxalate as a pre- 
cipitant for calcium.) 

Boil substance with ammonium chloride ; add ammonium hydrate. 
After showing, in a portion of the solution, that no precipitate is 
formed with sulphuretted hydrogen, add ammonium carbonate to 
the rest of the solution. A white precipitate is formed. Filter. 
Dissolve the precipitate by pouring acetic acid over it on the filter 
paper. 


These facts are summarised in the following table : 


To a portion of 
the solution 
add potassium 
chromate. A 
yellow precip- 
itate indicates 
the presence of 
BARIUM. 

Confirm by flame 
test. 


If no precipitate is given with potassium chro- 
mate, divide the rest of the solution into two parts. 


I. Add calcium sulphate 
solution. A white pre- 
cipitate at" once, or 
on standing, indicates 
the presence of 
STRONTIUM. 

Confirm by flame test. 


II. Boil solution with am- 
monium sulphate. If a 
white precipitate is 
thrown down test it for 
strontium. To solution 
add amnlonium oxalate; 
white precipitate indi- 
cates the presence of 

CALCIUM. 

Confirm by flame test. 


Equations (Group V) 
Barium 


4 {c) BaCla 
Barium 
chloride 


+ 

with 


(NHOaCOs - BaCOa + 2NH4CI 

Ammonium __ Barium . Ammonium 
carbonate ° carbonate chloride 


id) 


BaCOa “h 2CH3*C00H 

Barium Acetic 

carbonate acid 


^ives 


(CHa'COO)aBa 

Barium 

acetate 


+ 

and 


CO2 

Carbon 

dioxide 


+ H ,0 

and Water 
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(e) (Cn3-COO)2Ba + 

Barium acetate and 


K2Cr04 

Potassium 

chromate 


— BaCr04 

. _ Barium 
chromate 


+ 2CH3*C00K 


and 


Potassium 

acetate 


5 BaClj 

Barium 

chloride 


+ 

and 


CaS 04 ~ BaS 04 

Calcium . Barium 

sulphate ® sulphate 


+ 

and 


CaCl2 

Calcium 

chloride 


Strontium 

4 (c) SrClg + (NH4)2C03 - SrC03 -f 2NH4a 

Strontium , Ammonium . Strontium , Ammonium 

chloride carbonate ° carbonate chloride 


(d) SrCOa + 2 CH 3 COOH-(CH3-COO)2Sr + CO^ + H^O 

Stron- and Acetic give Strontium and Carbon and Water 
tium acid acetate dioxide 

carbonate 


(e) (CH3 COO)2Sr 
Strontium 
acetate 


+ 

and 


CaS04 == SrS04 

Calcium Strontium 

sulphate ° sulphate 


+ 

and 


(CH3COO)2Ca 

Calcium 

acetate 


Calcium 

4 (c) CaCla + (NH4)2C03 - CaCOs + 2NH4CI 

Calcium ■, Ammonium Calcium , Ammonium 

chloride carbonate ® ® carbonate ^ chloride 


4- 2Cri3 C00H : 

, Acetic 


_ /r'TT 


+ H,0 

and Water 


5 (a) CaClg 

Calcium 

chloride 


COONH4 

C00NH4 

, Ammonium 
oxalate 


give 


+ 2 NH 4 CI 

COO 

•Calcium j Ammonium 
oxalate chloride 


ib) 


COO. 

I >Ca 
COO 


Calcium 

oxalate 


== 

CO 

+ 

CaCOs 

on heating 
gives 

Carbon 

monoxide 

and 

Calcium 

carbonate 
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Systematic Analysis of a Single Substance 

Expt. 201. — Identify the given salts A, B, C, etc. 

Preliminary Examination 

1. Describe the substance carefully. Observe its colour, etc. 
Salts of Na, K, (NH^), Mg, Bi, Ca, Sr, Ba, Zn, and A 1 are usually 
white unless the acid radical g. (Cr04)", (Mn04)'', and (Mn04)'] 
is coloured. 

Salts of copper are often blue or green. 

„ „ ferrous ” iron are often green. 

,, „ ferric iron are often yellow or colourless. 

„ „ chromium are often green or pink. 

„ „ manganese are often pink. 

,, ,, nickel are often green. 

„ „ cobalt are often red or pink. 

Iodides, bromides, and sulphides are often coloured. 

Notice if the substance is crystalline or amorphous, and also 
if it is soluble in water. 

2. Expt. 202 — Heat a little of the powdered substance dry in a 
small test-tube. — Note carefully — 

(1) What happens to the substance. 

(2) If any gas is given out. 

(3) If there is a sublimate or condensed vapour. 

(4) The residue. 

Observation. Inference. 

I. {a) The substance fuses. Many salts do this. If 

the substance is white 
and there is no change 
in colour, the substance 
may be salt of alkali 
or alkaline earth. 

(h) Water is given out and condenses on Water of crystallisation 
the upper part of the tube. or decomposition of an 

acid salt, 

{c) The substance swells up (mtumesces). Borates, phosphates, 

alums. 

198 
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Observation. 


Inference. 


2. A gas is given out. 

(a) It is coloured. 

Brown — turns ferrous sulphate black. 

Brown — does not turn ferrous sulphate 
black. 

Greenish-yellow — notice its odour. 
(Iodide starch paper). 

Violet — iodine — starch paper. 

White — strongly acid. 


(b) It is colourless, but has an odour. 

Rotten eggs (lead acetate paper) 
Burning sulphur (chromate paper). 


Sulphur dioxide and sulphuretted hy- 
drogen. 

Ammonia (litmus, turmeric, smell, and 
rod moist with HCl). 

(c) It is colourless and odourless. 

(a) Burns. 

(1) Carbon monoxide. 

(2) Organic fumes. 

(b) Supports combustion. 

(i) Oxygen. 


(2) Nitrous oxide (and water). 

(c) Neither burns nor supports conil^is- 
tion. 

(i) Turns lime-water milky. 


(2) Does not turn lime-water milky. 


3. There is a sublimate or condensed vapour 
on the upper part of the tube. 

(a) It is colourless. 


( 6 ) It is coloured. 

Orange. 

Yellow. Smell of SOj. 

Yellow ; turns red on rubbing. 


NO2 from nitrates of 
heavy metals. 

Some bromides. 

Chlorine from certain 
chlorides, chlorates 
and hypochlorites. 

Some iodides 

Sulphur trioxide, some 
sulphates and bisul- 
phatcs. 

Some thiosulphates. 

Bisulphates, sulphides, 
sulphites and thiosul- 
phates. 

Thiosulphates. 

Ammonium salts. 


Oxalates. 

Acetates, etc. 

Some nitrates, chlorates, 
peroxides and other 
highly oxygenated 
compounds. 

Ammonium nitrate. 


Carbon dioxide from 
oxalates, carbonates, 
bicarbonates. 

Nitrogen from ammon- 
ium nitrite and a few 
other substances. 


Water of crystallisation, 
or acid salt or certain 
organic substances. 

Antimony trisulphide. 

Sulphur, some sulphides, 
arsenious sulphide. 

Mercuric iodide. 
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Observation. 

Inference. 

White (accompanied by smell of 

Ammonium salts. 

ammonia). (If NH3 is suspected, 
confirm with NaOH at once.) 


White (smell of garlic). 

Arsenious oxide. 

White. 

Salts of mercury, etc. 

Sliver mirror. (Runs together into 

Mercury. 

drops when rubbed.) 

Black sublimate ; purple vapour. 

Iodine. 

Brown, oily drops (smell). 

Bromine. 

4. The residue %n the tube has changed colour. 


Yellow when hot ; white when cold. 

Zinc. 

Yellowish when hot ; dirty white when 

Tin. 

cold. 


Orange to reddish-brown when hot; 

Bismuth. 

light yellow when cold. 


Yellow to reddish-brown, when hot; 

Lead. 

yellow when cold. 


Dark brown to black. 

Iron, cobalt, nickel, 
manganese. 

Black when hot ; reddish when cold 

Mercuric oxide, Fe^Og. 

Black and charred. 

Organic matter. 

Reddish metallic-looking particles. 

Reduced copper from 
(e.g.) copper acetate. 


3. Expt. 203. — Treat with dilute hydrochloric acid. 

Observation. Inference. 


A gas is evolved. 

{a) It is coloured. 

Brown (black colour with ferrous sul- NOq from nitrites, 
phate solution). 

Brown (no black colour with ferrous Hypobroinite. 
sulphate). 

Greenish - yellow (smell. Pot. - iodide- Chlorine from chlorates 
starch paper). or hypochlorites. Some 

peroxides. 

{h) It is colourless but has an odour. 

(1) Of sulphuretted hydrogen (lead Some sulphides, 
acetate paper). 

(2) Of burning sulphur (chromate Sulphur dioxide from a 

paper). sulphite. 

(3) Of burning sulphur with separa- Thiosulphate, 
tion of yellow sulphur. 

(c) It is colourless and odourless. 

Turns lime-water milky. Carbonates and bicar- 

bonates. 
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N.B . — Any bicarbonate you would be given would be soluble 
in water. Add a solution of magnesium sulphate — no precipitate. 
Boil. White ppt. of MgCOg — bicarbonate present. (See page 80.) 


4. Expt. 204. — Treat a little of the substance with concentrated 
sulphuric acid. — (Warm very cautiously at first.) 


Observation. 

Inference. 

Explosions in the tube. 

Coloured fumes are evolved — 

Brown — NO2 (FCSO4 test). 

Brown — bromine (accompanied by white 
fumes). 

Violet — iodine (accompanied by white 
fumes). 

White — dense acid fumes (NH3 test). 

Smell of vinegar. 

Oxygen is evolved 

Gas burns j(no blackening), accompanied by 
carbon dioxide 

Chlorate. 

Nitrate or Nitrite. 
Bromide. 

Iodide. 

Chloride. 

Acetate. 

Peroxides, chromates, 
etc 

Oxalate. 

5. Expt. 205, — Test separately for borate, fluoride, and silica. 

Observation. 

Inference. 

(a) Put a little of the original substance on 
porcelain. Pour strong sulphuric acid on 
it. Mix well. Pour alcohol on the mix- 

Borate present. 


tiire Ignite the alcohol Stir the mixture 
when the alcohol is burning. It burns 
with a green flame. 

(6) Mix some of the substance with a little Fluoride present, 
sand. Pour sulphuric acid on the mixture 
and warm gently Dip a glass rod in 
water and plunge the rod into the mouth 
of the tube. Bold the rod in the vapour. 

Do not touch the hot acid A gelatinous 
blob forms on the end of the rod. 

(c) Mix some of the substance with calcium Silica or a silicate pre- 
fluoride and put it in a leaden capsule. sent. 

Pour strong sulphuric acid on the mixture 
and warm. Suspend a drop of water on 
a watch glass and cover the capsule with 
it. A gelatinous blob forms on the watch- 
glass where the drop of water was. 
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Expt. 206. — Intimately mix some of the original substance, 
finely powdered, with fusion mixture, and put a little in a hole 
scooped out of charcoal. Heat this under the mouth blow-pipe. 


Observation. 


Inference. 


The substance decrepitates. 

The substance deflagrates. 

A garlic- smelling vapour. It is white. 

White vapours. 

Residue is coloured, but with no bead of metal — 
Coloured incrustation, no bead. 

White fume with garlic odour. 

,, fume with no garlic odour. 

Yellow when hot, white when cold. 
Reddish-brown (possibly a few metallic 
particles) 


Many crystalline salts. 
Nitrates, clilorates, etc. 
Arsenic. 

Many compounds. 

Salts of Cu, Fe, Cr, Mn, 
Ni, Co. 

Arsenic. 

Antimony, etc. 

Zinc, Tin. 

Cadmium. 


Metallic bead, with or without incrustation — 
Bright white bead — no incrustation. 

Red metal — no incrustation. 

White malleable metal marks paper — 
yellow incrustation. 

Soft white, malleable bead. Incrustation is 
yellow when hot, dirty white when cold 
White brittle bead Incrustation orange- 
coloured when hot, pale yellow when 
cold. 

Residue is yehite It may fuse and sink into 
the charcoal. 

Residue is white and glows 

Residue is yellow when hot and glows 


Silver. 

Copper. 

Lead. 

Tin 

Bismuth. 


Salts of alkali metals. 

Alkalincearths, alumina. 
Zinc oxide. Tin oxide. 


Expt. 207. — Moisten the white residue with two drops of cobalt 
nitrate or chloride and again heat under the blow-pipe. 


Observation. 

Inference 

Residue is pink. 

Magnesium present. 

Residue is blue. 

Aluminium present. 

Residue is green. 

Zinc present. 


N,B . — Do not forget that phosphates and borates may fuse up 
into beads and dissolve cobalt oxide^ giving a blue colour. The 
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above residues should not be “ beads.’’ Confirm the metals in 
the wet way. 


Expt. 208. — Apply borax bead test. (See Expt. 169, page 155.) 
The colour of the bead — 


In the Inner or 
Reducing Flame is 

In the Outer or 
Oxidising Flame is 

Indicates the 

PRESENCE OF 

Red when cold (addi- 
tion of tin helps the 
result) . 

Green when hot\ 

Blue when cold J 

Copper. 

Yellowish when hot 

Olive green when cold 

Brownish-red when'j 
hot 

Light yellow when | 
cold j 

Iron. 

Green. 

Green 

Chromium. 

Blue. 

Blue. 

Cobalt. 

Grey, or opaque, and 
black 

Cherry-red when hot \ 
Brownish when cold / 

Nickel. 

Colourless. 

Amethyst (violet). 

Manganese. 

Opaque. 

Opaque. 

Too much sub- 
stance. Start 

again. 

White. 

White. 

Many substances. 

White skeleton. 

White skeleton. 

Silica. 


Expt. 209. — Apply the flame test. Clean your platinum wire by 
alternately putting it in hydrochloric acid and the clear Bunsen 
flame. 

Moisten some of your substance with hydrochloric acid, dip the 
platinum wire in it and put it in the flame. It may be found 
advantageous to use the blow-pipe flame for these flame tests. 

Note that easily reducible metals will corrofle your platinum 
wire. 
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j The Colour of the Flame is 

Indication. 

Brilliant golden-yellow. 

Sodium. 

Green (with HCl) ; blue alone. 

Copper. 

Green 

Borates. 

Yellowish-green — very persistent. 

Barium. 

Violet — looks red through cobalt blue glass. 

Potassium. 

Crimson — flashes up quickly and does not 
persist. 

Strontium. 

Dull reddish-yellow. 

Calcium. 

Pale blue flame. 

Many substances. 

Smell of garlic ; wire corroded. 

Arsenic. 


To distinguish clearly between calcium and sodium, take salts 
from your bench and compare the flame given by a known substance 
with that given by the substance under examination. 

This “ comparison method is always permissible. 

SYSTEMATIC EXAMINATION IN THE WET WAY 

Expt. 210. — Examination for bases. 

The substance given is a solid. 

Finely powder the solid. Try to dissolve it in water — first cold, 
then hot. 

If insoluble in water add dilute hydrochloric acid. 

If it does not dissolve in the cold, heat. 

If insoluble in dilute hydrochloric acid try strong hydrochloric acid. 
Heat if necessary. 

See if the substance is soluble in nitric acid. Finally try aqua 
regia (a mixture of nitric and hydrochloric acids (HNO 3 : HCl : i : 3). 

If the substance is insoluble in the solvents given above, finely 
powder some of the substance and mix it intimately with sodium 
carbonate and then heat strongly with the foot blow-pipe till no 
more action takes place. Cool. Boil with water and filter. All 
the sodium salts <5f the acids are soluble in water, and the sodium 
salt of the acid radical of the given salt will be in the filtrate. Note 
that certain metals may come through as negative or acid radicals, 
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e.g., chromium as chromates, etc Examine by the tables given on 
pages 149-152/ for the systematic examination for acid radicals. 

The metallic portion of the salt will remain behind as insoluble 
carbonate or oxide. Examine residue for bases by adding dilute 
hydrochloric acid to the residue. If it is soluble in dilute hydro- 
chloric acid proceed with the tables. If the residue is not soluble 
in dilute hydrochloric acid, dissolve it in dilute nitric acid. 

If a liquid is given — ■ 

Smell it. Notice if it has the odour of sulphuretted hydrogen, 
sulphur dioxide, chlorine, etc. Test its action with litmus. 

If it is acid it may be due to — 

(1) A free acid. 

(2) An acid salt. 

(3) A normal salt which gives an acid reaction. 

If it is alkaline it may be due to — 

(1) An hydroxide. 

(2) A normal salt of certain weak acids, e.g.y carbonates or 

borates. 

Test specially for hydroxides. They give the following re- 
actions : (i) With an alcoholic solution of phenolphthalein a red 
coloration is obtained. (2) Ferric chloride solution produces 
a brown precipitate of ferric hydroxide. (See Expt. 54, page 57.) 
Some carbonates give these tests, but if the solution gives no 
test for any acid radical, but gives the above tests, the presence 
of an hydroxide is indicated. (See page 57.) 

Test specially for peroxides, (i) With HCl they give chlorine, 
(2) with sulphuric acid they give oxygen, (3) add a little dilute 
sulphuric acid and then about J inch layer of ether. Add two drops 
of potassium chromate or bichromate solution, and shake the tube 
gently. Keep the tube cool. A blue coloration in the ethereal 
layer indicates the presence of a peroxide. 

Test especially for water. If neutral the substance may be water. 
Many salts in solution give a neutral reaction. Evaporate to 
dryness on a water-bath. 

If the solution was neutral and no residue is left the substance 
was water or hydrogen peroxide. 

If the solution was acid and leaves no residue the substance was 
a free acid and the acid was volatile. 

Otherwise a residue will remain and this may be examined 
systematically by the tables given below. 



White I preliminary tests indicated the presence of arsenic, manganese, chromium, or antimony, 

precipitate. ' warm the solution with sulphurous acid. Boil off any excess of SO 2 and pass sulphuretted hydrogen. 
Examine above metals were not indicated, there is no necessity to pass sulphur dioxide or boil with 

by sulphurous acid before passing sulphuretted hydrogen. 
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Wash the precipitate with HjS water. Notice its colour. If yellow or brown, warm with yellow 
ammonium sulphide solution. If the precipitate is black — cadmium, arsenic, antimony and tin are absent. 

The precipitate is insoluble m ammonium sulphide. | The precipitate is soluble m ammonium 
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probably sulphur, 
possibly PbS04 if 
lead is present. 
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Group hi (phosphates present) 

If phosphoric acid is present the precipitate may consist of the 
phosphates of Fe, Al, Cr ; Co, Ni, Mn, Zn ; Ca, Ba, Sr ; or Mg, or 
the hydroxides of Fe, A 1 or Cr. 

It will be noticed that all these give some test either in the flame 
or in the borax bead by which they may be detected and by which 
they should have been indicated in the preliminary examination. 

1. The precipitate is coloured. It may be — 

(i) Iron (yellowish) — already tested for; (2) chromium (green), 
apply chromate test by fusion ; (3) manganese, apply manganate 
test by fusion ; (4) and (5) cobalt and nickel — bead test. 

2. The precipitate is white. It may be calcium, strontium or 
barium — apply flame test ; aluminium, zinc or magnesium — char- 
coal and cobalt nitrate test. 

3. If phosphoric acid is present and there is no precipitate when 
ammonium chloride and ammonium hydrate are added, test the 
original substance for sodium, potassium and ammonium. 

Note. — It is necessary to modify the method of analysis when 
phosphates are present because, when ammonium hydrate is added 
to the solution which has been boiled with ammonium chloride 
after Group II., the phosphates of iron, aluminium, chromium, 
cobalt, manganese, nickel, zinc, barium, strontium, calcium and 
magnesium are partially or completely precipitated as well as the 
hydroxides of iron, aluminium and chromium. 

In order to eliminate the phosphoric acid and so render it possible 
to analyse the solution for metals in the usual way, advantage is 
taken of the fact that “ ferric,'’ aluminium and chromium phos- 
phates are insoluble in acetic acid, while the phosphates of the 
other metals are soluble in acetic acid. 

The details of the process by which this is carried out are given 
in the next table — No IIIa. 



TABLE NO. IIIa. — group hi (phosphates preseni) 

Second Method : — 

^ Dissolve precipitate in the least possible quantity of dilute hydrochloric acid. Then neutralise the 
: excess of hydrochloric acid with solid sodium carbonate until a trace of curdy precipitate appears. Then 
^ add one drop of dilute h^^drochloric acid to remove curdiness. Now add sodium acetate solution and 
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TABLE NO. IV. — group iv 


The precipitate is black 


The precipitate is not black. 


Examine by bead tests. 


Blue bead in 
both oxid- 
ising and 
reducing 
flames indi- 
cates the 
presence of 

COBALT. 


Violet (hot) red | 
(cold) in oxidis- i 
ing flame, grey 
in the reducing 
flame, indicates 
the presence of 

NICKEL. 


Dissolve the precipitate m dilute 
hydrochloric acid. Add sodium 
hydrate. A precipitate is 
formed. 


(i) Soluble in ex- 
cess of caustic 
soda 

Pass sulphuret- 
ted hydrogen 
through the so- 
lution A white 
precipitate in- 
dicates theprcs- 
encc of 


(i) Insoluble in 
excess of caustic 
soda. 

Fuse the precipi- 
tate with sod- 
ium carbonate 
and caustic soda 
— a green mass 
indicates the 
presence of 



MANGANESE. 


TABLE NO. V. — group v 


White precipitate. Pour acetic acid over the precipitate on the 
filter paper. 


To a portion of 
the solution add 
potassium chro- 
mate. A yellow 
precipitate in- 
dicates the pres- 
ence of 

BARIUM. 

Confirm by flame 
test. 


If there is no precipitate with potassium chromate 
divide the rest of the solution in two parts. 


I. Add calcium sul- 
phate solution. A 
white precipitate after 
some time indicates 
the presence of 

STRONTIUM. 

Confirm by flame test. 


II. Boil the solution with 
ammonium sulphate 
(white precipitate ; test 
for strontium). 

To solution add ammon- 
ium oxalate. White pre- 
cipitate indicates the 
presence of 


CALCIUM. 

Confirm by flame test. 


Important 

Write out your analysis in tahvlar form. 

When you have finished your analysis write at the end of your 
report what you have found. 



PART II 


DETERMINATION OF EQUIVALENT 
WEIGHTS AND SIMPLE VOLUMETRIC 
ANALYSIS 




Equivalent Weights 

The equivalent weight of an element is the number of parts by 
weight of that element which will combine with or replace one part 
by weight of hydrogen. 

It is not possible to cause certain elements to combine with 
hydrogen or to replace it. But practically all the elements com- 
bine with oxygen. 

Now, by the first definition, the equivalent weight of oxygen is 
EIGHT, because eight parts by weight of oxygen combine with one 
part by weight of hydrogen to form nine parts of water. 

Therefore if we find how many parts by weight of an element 
combine with eight parts by weight of oxygen we simultaneously 
find out how much of that element would combine with one part by 
weight oj hydrogen if it could do so, i.e., we find the equivalent 
weight of the element. 

The word “ parts ” is used in the above because it is general, 
but we could use any unit of weight, and so the definition would 
read : 

“ The equivalent weight of an element is the number of grams of 
that element which will combine .with or replace one gram of 
hydrogen or eight grams of oxygen.’’ 

In the following discussions and experiments on equivalents this 
definition will be employed, but it must be clearly understood that 
any unit of weight may be employed. The gram is used for con- 
venience. 

The equivalent weight is a number, not a quantity. 



DEMONSTRATION 45 
Determination of Equivalent Weights 

Expt. 21 1. — Determination of the equivalent weight of a metal.— 

Method No. i. — By measuring the volume of hydrogen evolved 
when a weighed quantity of the metal is treated with dilute acid. 
The apparatus described in Expts. 46, 76, Figs. 44^ 53 {a), and 



The apparatus described in Fenton’s Outlines of Chemistry ” 
gives excellent results. It is shown in Fig. 67. 

Weigh the metal in a watch glass and put it in the bottle, B, 
Run boiled water through the funnel until the whole apparatus is 
completely filled with water and not a bubble of air is left in it. 
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Shut the pinch-cock at D. Pour strong hydrochloric acid into the 
funnel and^ having placed the measuring cylinder or gas jar over the 
end of the delivery tube, open the pinch-cock and alio w* the strong 
acid to run into the flask. It flows in at C and makes dilute acid 
when it mixes with the water in the flask. The dilute acid acts 
upon the metal and hydrogen is evolved. It passes into the 
graduated jar. Gas is prevented from escaping up the tube C 
by turning the end of C upwards; C should reach nearly to the 
bottom of the flask. Fragments of metal 
are prevented from passing along the 
delivery tube by the glass beads at E, 
details of which are shown at the right of 
the diagram. When the action ceases a 
steady stream of water is passed through the 
apparatus in order to sweep out the last 
bubbles of hj^drogen. 

Hold the measuring cylinder in a wooden 
clamp and place a small glass or metal bowl 
under its end (Fig. 68). Lift the cylinder and 
bowl out of the trough together and transfer 
to a hydrometer jar containing water(Fig. 69). 

Now release the little bowl and let the 
measuring tube sink until the level of water 
inside and outside the tube is the same. 

This eliminates a correction due to the column 
of water. Read off the volume of the gas. 

Read the atmospheric pressure from the 
barometer in the balance room. Find the 
temperature of the laboratory and the pressure of aqueous vapour 
at that temperature. 



Paper effp ot 
wooden damp 


Small glass or 
metal basin 
containing water 


Water 


Figs. 68 and 69. 


Data : — 

Weight of watch glass and metal 
„ ,, ,, ,, alone 

„ „ metal 

Observed volume of gas 
Observed temperature of laboratory 
Pressure of aqueous vapour at C. 
Barometric pressure 


-- m grams. 

= WL „ 

= {m-m') „ 

= V c.c. 

- .rc. 

= b mm. Hg.. 

= B mm. Hg, 
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f 


B-b 
\ 760 


^73 


273+ 

I 


c.c. {vide 


Volume of gas at N.T.P. = v x 
page 52). 

But weight of i c.c. of hydrogen at N.T.P. ~ 

.‘.Weight of hydrogen evolved 

( B—h 27s I \ 

„ ( 2 ; X -“ 7 — X --- ] 77. X - — - ) grams. 

\ 760 273-l-i 11,111/ ® 

~ X grams (suppose). 

Weight of metal required to evolve .'v grams of hydrogen is 
(m—m) grams. 

.‘.Weight of metal required to evolve one gram of hydrogen is 
{m—m) 


grams 


grams. 


.'.Required equivalent weight of zinc is 


A ns. 



DEMONSTRATION 46 

Determination of Equivalent Weights — continued 

Expt. 212. — Method No. 2 (direct oxidation method). — To 

determine the equivalent weight of magnesium. — Weigh a crucible 
and lid. 

Into the crucible place about half a gram of magnesium ribbon 
and weigh again. Remove the crucible, etc., from the balance 
and put the weights back in order. 

Put the crucible on a tripod and heat it. The magnesium begins 
to oxidise ; continue heating with the hd on. Finish heating with 
the lid removed. Cool in a desiccator and weigh again. 

Data : — 

Weight of crucible and lid 
Weight of crucible lid and magnesium 
.*. Weight of magnesium 

Weight of crucible lid and magnesium 
oxide after experiment 
Weight of oxygen 

Weight of magnesium which combines 
with (m"— w') grams of oxygen 
Weight of magnesium which combines 
with I gram of oxygen 
Weight of magnesium which combines) ( m'—m) 
with 8 grams of oxygen / ~~ (jn —m) 

Required equivalent weight of magnesium is , Ans. 

Expt. 213. — Method No. 3. — Equivalent weight of tin. — Weigh 
out about 0*75 gram of tin in a crucible. Place the crucible 
aslant on a clay triangle on a tripod (Fig. 35, page 38), 

Drop a few drops of nitric acid upon the tin. Continue adding 

2x9 


m grams. 
m' „ 
(m-m) „ 

m* „ 

{m'—m') „ 

{m'-m) „ 

(ni —tn) 

{in —m') 
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nitric acid until all action ceases. Warm the crucible, starting 
from the outside edge (Expt. 35, page 38), and continue heating 
till no more oxides of nitrogen are evolved. Heat strongly for 
two minutes ; cool, weigh. 

The tin will have been converted into tin oxide, Sn-f02=Sn02. 
The oxygen is supplied by the nitric acid. 

Hence calculate in the equivalent weight of tin. 

Expt. 214. — Method No. 4. — Equivalent weight of copper. — 

Treat about 0*5 to 075 gram of copper with nitric acid as in 
method No. 3. Be very cautious and see that no spurting occurs. 
Copper nitrate will first be formed. Heat from the outside edge 
as before. The copper nitrate will decompose into cupric oxide, 
CuO. Weigh the residue and calculate the equivalent weight of 
copper. 

Do not heat the copper oxide too strongly or it will undergo 
partial decomposition. If you wish to save loss by spurting put 
the crucible lid on upside down. 

3CU + 8HN0 , = 3Cu(N 03)2 -f 4H2O -f 2NO. 

2Cu(N03)2 2CuO‘-b 4NO2 + O2. 



INTRODUCTION TO VOLUMETRIC ANALYSIS 


It has been explained that the equivalent weight of an element 
is the NUMBER of grams of that clement which will combine with 
or replace one gram of hydrogen — or eight grams of oxygen 
(page 215). 

Similarly, the equivalent weight of an acid is the number 
of grams of that acid which contains one gram of hydrogen re- 
placeable by a metal. 

Also, the equivalent weight of a base is the number of grams 
of that base which will neutralise the quantity of any acid which 
contains one gram of hydrogen replaceable by a metal {i.e., the 
equivalent weight of the acid measured in grams, or the gram- 
equivalent of the acid). 

And the equivalent weight of an oxidising agent is the number 
of grams of that oxidising agent which contains sufficient oxygen 
(capable of being used for purpose of oxidation) to oxidise one gram 
of hydrogen. 

Oxygen which can be used for the purpose of oxidation is called 

available oxygen. 

Thus the equivalent weight of an oxidising agent is the number 
of grams of that oxidising agent which contain eight grams of 
‘‘ available oxygen.” 

In the same way the equivalent weight of a ferrous salt is the 
number of grams of that salt which contain sufficient ferrous 
iron to require eight grams of oxygen to oxidise it from the ferrous 
to the ferric state and so on. 

A few explanatory examples will make the fundamental prin- 
ciples more clear. 

One gram of hydrogen combines with 35*5 grams of chlorine 
to form 36*5 grams of hydrochloric acid. All this hydrogen is 
replaceable by a metal. Therefore the equivalent weight of 
hydrochloric acid is 36-5. 

Again in sulphuric acid [(H2S04)=2-f 32+64] we have 98 grams 
of acid in which all the hydrogen is replaceable by a metal. 

But 98 grams of the acid contain 2 grams of replaceable hydrogen, 

98 

therefore the equivalent weight of sulphuric acid =49, i>e., the 


321 
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number of grams of the acid which contain one gram of hydrogen 
replaceable by a metal. 

The basicity of an acid is the number of atoms of replaceable 
hydrogen contained in one molecule of the acid. (See Demonstra- 
tion 17, page 79.) 

Hence the basicity of hydrochloric acid is one. 

,, „ „ sulphuric ,, „ two. 

,, ,, „ carbonic „ two. 

,, ,, ,, „ phosphoric ,, ,, three. 

„ , . . molecular weight 

or generally, basicity = — i — 7 

® ^ ^ equivalent weight. 

c- -I 1 molecular weight . , 

Similarly, b^^sicity =cc|uivalent weight. 

The substance potassium bisulphate contains one atom of re- 
placeable hydrogen in a molecule, therefore the equivalent weight 
of potassium bisulphate will be, from its formula, 

KHSO4 =39 4- 1 4- 32 -1-64 136. 


For a base we have a similar reasoning. 

If caustic soda is allowed to interact with hydrochloric acid the 
reaction which takes place may be represented by the equation 

NaOH 4- IICl NaCl 4 - II2O 
(23+16+1) (1+35-5) 

i.e.j 40 grams of caustic soda is the amount of caustic soda required 
to neutralise 36*5 grams of hydrochloric acid. 

But 36’ 5 grams of hydrochloric acid contain one gram of re- 
placeable hydrogen. 

the equivalent weight of caustic soda is 40. 

. . Na^COg + 2110 - 2Naa -f IlgO + CO 2 

^ 36-5) 

106 73 

From the equation we ^ee that 106 grams of sodium carbonate 
require 73 grams of hydrochloric acid for their complete decom- 
position. But 73 grams of hydrochloric acid contain 2 grams of 
replaceable hydrogen. 

106 grams of sodium carbonate require two equivalents of 
hydrochloric acid to react with them. 


the equivalent weight of sodium carbonate is 


The equivalent weight of any substance can be worked out in 
terms of hydrogen. 

Note. — S ome bodies may function in two different ways and 
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under such circumstances may have two different equivalent 
weights — according to which particular duty the body i« performing 
at the time, e.g., formic acid, II*COOII, contains two atoms of 
hydrogen. Only one of these is capable of being replaced by a 
metal. Therefore as an acid its equivalent weight will be 
(i-f i2+32 + i)==46. 

On the other hand formic acid can behave as a reducing agent 
and, when oxidised, forms water and carbon dioxide, ITCOOH+O — 
CO2+H2O. 

Prom the equation it can be seen that 46 grams of formic acid 
require 16 grams of oxygen for their complete oxidation. 

But the equivalent weight will be number of grams which 
requires the amount ^of oxygen required by one gram of hydrogen, 

i.e.j eight grams of oxygen. 

the equivalent weight of formic acid, as a reducing agent, is 
46 


2 


=23. 


Conditions necessary that Volumetric Analysis may be possible 

It will be seen that, taking advantage of this system of equiva- 
lents, we have a means of performing quantitative analysis in 
solution (volumetric analysis) providing that — 

1. We know exactly what chemical action is proceeding, and 
can represent it by a chemical equation. If then we know the 
amount of one of the substances which has taken part in the re- 
action, the amounts of the other substances which take part in the 
reaction can be calculated. 

2. The reaction proceeds to entire completion under easily 
procurable circumstances. 

3. We have a means of determining exactly when the definite 
action is complete, i.e.j a means of determining the “ end point 
of the reaction. 

4. The reaction should be definite and complete over a fairly 
wide range of concentration. 

Indicators 

The substances used to mark the end point ” of a reaction 
are called indicators.” They are substances which do not 
affect the reaction which is proceeding, but which give a charac- 
teristic colour with one of the bodies taking part in the reaction. 
e.g . : If a drop of phenolphthalein is put into some dilute hydro- 
chloric 'acid the solution is colourless. Add caustic soda slowly. 
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So long as there is acid present the caustic soda is destroyed^ but 
as soon as the acid is all neutralised the caustic soda is in excess 
and immediately reacts with the indicator, phenolphthalein, and 
produces a pink colour in the solution. 

Some indicators change from one colour to another, e.g., blue 
litmus is turned red by an acid. If you make a habit of always 
putting the acid in the burette you will get accustomed to telling 
when the colour changes from blue to pink. This is an ad vantage,) 
so make a practice of always putting your acid in the burette ancj 
your caustic alkali or carbonate in the beaker. 

The commoner indicators are : — 


Indicator 

Conditions for use. 

Acid. 

Alkaline. 

Litmus. 

Use for mineral acids and 
oxalic acid. Unreliable in 
presence of carbon di- 
oxide 

Pinl^.Klf*) 

V 

Blue. 

Methyl-orange. 

It is itself an acid. Use as 
little as possible, and al- 
ways add a constant 
amount. 

Not affected by CO2 or H2S. 
Use for stronger acids. V 

Pink. 

Yellow. 

Phenolphthalein. 

Dissolved in dilute alcohol. 

Do not use for carbonates 
or ammonium compounds. 

Use with weak acids, but the 
acid used must be stronger 
than phenolphthalein (in- 
cludes most organic acids). 
The base used must be 
strong,^ g.,NaOH,Ba(OH)2 
etc. 

Carbonates, phenol, and am- 
monium salts give unre- 
liable results. 

Colourless 

Pinki ' ' ^ 


For notes on the use of indicators, see Demonstration 47, page 
229. 


Note to Demonstrators. 

The above indicators may be made up as follows : — 

Litmus , — Digest 50 grams of litmus with 250 c.c. of hot water. 
Stand for twenty-four hours, filter. Add 200 c.c. of 50 per cent. 
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alcohol (rectified spirits) and make up to 500 c.c. with distilled 
water. 

Methyl-orange. — Dissolve i gram of methyLorange (Tropaeolin 
D.) in a little methylated spirits or rectified alcohol. Make up to 
one litre with 50 per cent, methylated spirits or 50 per cent, 
alcohol. 

Phenolphthalein. — Dissolve 2 grams of phenolphthalein in 50 c.c. 
of rectified spirits (warm if necessary on a water-bath). Make up 
to 500 c.c. with 50 per cent, rectified spirits. 


Standard Solutions 

Tf a gram-equivalent weight of a substance is dissolved in water 
and made up to a litre (1,000 c.c.), the solution is said to be 
‘‘ normal,” e.g.y normal sodium hydrate contains 40 grams of 
sodium hydrate (NaOH) in one litre of solution (not one litre of 
solvent). 

Normal sulphuric acid contains t.e., 49 grams of sulphuric 
acid in one litre of solution. 

It will be seen from the above that one litre of a normal solution 
of any strong acid will just neutralise one litre of a normal solution 
of any strong base. 

(The word “ strong ” is inserted because actions between weak 
acids and bases are incomplete, but at this jstage of your study 
we are not concerned with weak acids and bases.) 

In other words, normal solutions of acids and bases are inter- 
equivalent. 

A solution which contains of a gram-equivalent of an 
acid or base or any substance in a litre of solution is said to be 
“ decinormal.” 

Similarly, centinormal ” solutions contain ^ of a gram- 
equivalent in a litre of solution, and seminormal ” solutions contain 
i of a gram-equivalent in a litre of solution. 

It is not always possible to arrange that our solutions are exactly 
normal or even an exact fraction or multiple of normal strength. 

Although calculations are frequently more simple if the strengths 
of the solutions used are a fraction of the normal strength, this is 
by no means necessary, and we can use solutions of any known 
strength for the purpose of volumetric analysis. 

Any solution the exact strength of tvhich is known is a standard 
solution. 
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The strength or concentration of a solution is usually given by 
stating the number of grams of solute per c.c. or per litre, but it 
may be given in terms of normality. 

e,g , : A solution whose strength is three-quarters normal strength 
is said to have a normality of | A. 

It must be clearly understood that all norfnal solutions are 
standard solutions, but all standard solutions are not normal 
solutions.^ 

A “ normal solution is a standard solution of special strength. 
The various strengths are often indicated by symbols, e.g,, 
N 

Abnormal, — =decinormal, etc. 

^ lO ^ 


The student is advised to work out his results in terms of grams 
per c.c.’’ or “ grams per litre.” 

He should also state the result in terms of normality, which can 
always be calculated after the strength in grams per c.c. or per 
litre has been determined. Thus : — 

. number of grams of substance in one litre of solution 
grame-quivalent weight of the substance 

/. Normality ~ the number of equivalents ” of that substance 
dissolved in one litre of solution. 

A titration is the process of using a solution of known strength 
in order to determine the strength of another solution 


^ This statement sometimes confuses the student. The difficulty is 
usually removed by giving some parallel case in terms of familiar 
objects, eg., “ All cats are animals, but all animals are not cats." 



RULES to be observed when doing Volumetric Analysis. 


1. Keep your bench clean and dry. 

2. Wash out your burette and pipette with the solutions to be 
used in them respectively. 

3. Pour acid or permanganate into the burette by means of a 
glass funnel. Remove the funnel from the burette before perform- 
ing your experiment. 

4. It is waste of time to try to fill the burette up to the zero 
park ; any point will do providing that it is on the scale, not above 
the level of your eye, and that there is sufficient solution present 
for your titration. 

5. See that the burette is vertical, and place a piece of white 
paper behind it to throw up the scale. 

6. See that the tap is tight and not leaking, and that it does not 
contain any air bubbles. 

7. For transparent (colourless) liquids read the height of the 
bottom of the meniscus formed in the liquid in the burette or 
pipette. 

For dark-coloured liquids (e.g., potassium permanganate, etc.) 
read the upper edge of the meniscus. 

8. A pipette is made to deliver the volume stated on the bulb. 
Let the pipette deliver its contents slowly, and just touch the 
surface of the liquid with the tip of the pipette when all the liquid 
has apparently been delivered from it. 

Do NOT BLOW OUT THE LAST DROP OF LIQUID. 

9. Use the index finger {not the thumb) to close the open end 
of the pipette (Fig. 25, page 21). 

10. For titrations^ to be done in the cold a white teannip is an 
excellent piece of apparatus. 

For reactions requiring heat use an evaporating basin. - If a 
beaker or flask is used for titrations put it on a piece of white 
paper or a white tile so that the colour-changes in the indicator 
may be shown up as clearly as possible. 

11. Wash out the cup first with tap water and finally with 
distilled water between two titrations. Do not dry the cup after 
washing. 

12. See that no drops splash on to the sides of the vessel, and 
see that no drops are left hanging on to the tap of the burette. 

Dunnicliffs Pract. Chem. 227 q 
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13. Thoroughly mix the solution during the titration by stirring 
with a glass rod. Do not splash. Wash the stirring rod between 
each titration. 

14. Do not be satisfied with a titration of less than 10 c.c. As 
a rule try to arrange your titrations so that 20 to 25 c.c. of the 
solution have to be run in from the burette. The larger the amount 
used the smaller should be the percentage of error. 

15. If you are not getting concordant results you are doing 
something wrong. Consult the demonstrator. All titrations 
should agree to at any rate the first place of decimals. Reject 
any titration which differs widely from the others. 

Do not be satisfied until you have three concordant titrations. 
They should not differ by more than 0*05 c.c. 

16. Write down what you do when you do it, and immediately 
record the titrations in your note-book, 

17. Clearly state the units in which each measurement and 
calculation is made. 



DEMONSTRATION 47 

Expt. 215. — To And the strength of a solution of hydrochloric 
acid by means of a standard solution of sodium hydrate. — Wash 
out your burette and tap with the given hydrochloric acid^ and 
then, having dried the outside of the burette, clamp it m a stand 
and sec that it is vortical. 

Do not clamp the burette by metal directly. See that the 
inside of the clamp is padded with rubber, paper or cork, otherwise 
there is a chance of breaking the burette. 

Place the burette in the stand in such a position that you can get 
your eye on exactly the same level as the graduation at which the 
liquid in the burette is standing, otherwise error due to parallax 
will be introduced. 

Pour the acid into the burette by means of a glass funnel until 
the level of the liquid is near 
the top of the graduated part 
of the tube. Remove the glass 
funnel and see that the tap 
contains no air bubbles (Expt. 

15, page 22). 

You will see that the top of 
the liquid has the appearance 
of a half moon (this is called 
a meniscus) (Fig. 26, page 
21). Read the graduation 
which makes a tangent with 

the curved surface of the Fig. 70. 

229 Q 2 
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meniscus when looked at by the eye placed at the same level as 
the meniscus. If the eye is not at the same level as the meniscus, 
Fig. 70 shows how an error in reading is introduced by what is 
called parallax.” 

Now wash out your pipette (20 c.c. or 25 c.c.) with the given 
caustic soda solution and throw the washings down the sink. 
Suck some of the caustic soda solution into the pipette until the 
level of the liquid is above the scratch on the stem. Remove the 
end from the mouth and at once close it with the index (or first) 
finger (Fig. 25, page 21). You will find it an advantage first to 
moisten the finger slightly. Allow caustic soda gradually to drip 
from the pipette by slightly lifting the finger, and continue doing 
so until the graduation on the stem of the pipette makes a tangent 
with the curved portion of the meniscus when viewed at eye level. 
Practise this until you acquire precision in filling the pipette 
correctly. 

Now allow the caustic soda to run slowly from the pipette 
into a tea-cup. Add sufficient indicator to give a distinct colour, 
but always observe the following advice : — 

1. Use as little indicator as possible. (Different students 
have different powers of detecting colours and intensity of colour, 
so it is impossible to give a general rule as to how much indicator 
will be requisite for any particular experiment ; moreover, in 
different laboratories the indicators supplied are certain to vary in 
strength.) 

2. Always use the same number of drops of the given indicator 
for a given set of titrations. 

3. Always arrange your experiment in such a way that your 
colour change for a given indicator is observed in the same order, 
e.g., in acid and alkali titrations always place the acid in the burette 
and the alkali in the tea-cup or beaker in which the reaction will 
take place. By doing this you will get accustomed to observing 
the litmus changing from blue to red, and thus become more expert 
in determining the end point. If desired, a pink-coloured solution 
may be kept for comparison. 

Read your burette and note the entry in your note-book at 
once. 

Now run in acid from the burette. Stir wqII, but do not splash > 
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Have your burette tap sufficiently near the liquid in the cup 
to prevent splashing and do not leave drops hanging on to the 
burette tap. 

As Soon as the neutral point is attained, read the burette again 
and write the ^reading in your hook at once vertically below the 
reading taken before you started running in the acid. 

Wash your cup and stirring rod first under the tap and then with 
distilled water. 

Do not wash the pipette between different titrations in the same 
experiment. 

Repeat the titrations until a constant result is obUiined. 

Write out your results in the following form : — 

Volume of caustic soda used 
for each titration = 25 c.c. 

Strength of caustic soda = 0*0038 gram NaOH per c.c. 

Indicator used litmus. 


Titrations (against hydrochloric acid of known strength) : — 


Height of burette I 
at beginning / 
Ditto, at end . . 19 



Volume run in 


r9’i5 c.c. 


No. 2. No. 3. 
19*35 c.c. 3*00 c.c. 
38*35 c.c. 22*05 c.c. 

19*00 c.c. 19*05 c.c. 


No. 4. No. 5. 
22*05 c.c. 5*40 c.c. 
41*05 c.c. 24*40 c.c 

19*00 c.c. 19*00 c.c. 


It will be observed that — 

(1) Titrations i and 2 and titrations 3 and 4 were performed 
without refilling the burette. 

(2) The first (trial) titration is clearly high ; reject it entirely. 
This has been signified by drawing a neat line through it. From 
the above readings it is obvious that 19 c.c. of acid is the 
quantity required to neutralise 25 c.c. of the given caustic soda 
solution. 

(3) Try the titration with other indicators, e.g.j methyl-orange 
or phenolphthalein. (In this case identical results should be 
obtained.) 

Write out clearly the reasoning by which you calculate your 
result thus : — 

19 c.c. of hydrochloric acid neutralise 25 c.c. of caustic soda 
solution containing 0*0038 gram of NaOH per c.c. 

Weight of caustic soda neutralised = 25 x 0*0038 grams. 
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From the equation representing the reaction 

IICl + NaOH = NaCl + H2O 
( 35'5 + i) (23+16+1) 

36'5 40 


We see that 36*5 grams of hydrochloric acid 
40’o grams of sodium hydrate (caustic soda). 
Quantity of hydrochloric acid neutral- \ _ 
ised by 40 grams of caustic soda / ” 


exactly neutralise 
36-5 grams. 


and quantity of hydrochloric acid neutral- _ 3^‘ 5 

ised by i gram of caustic soda j ~ 40 

.*. Quantity of hydrochloric acid neutralised by 25 x 0*0038 grams 
36*5 

of caustic soda — x 25 x 0*0038 grains. 


But this is the quantity of hydrochloric acid in 19 c.c. of the 
given solution. 

.*. Strength of the given solution of hydrochloric acid is 

36*5x25x0*0038 

;■ t: grams per c.c. 

40*0 X 19 ° ^ 

Required result— o' 00^^62, gram HCl per c.c, . . . Ans. 


(What is the “normality of the solutions used ? See page 226). 
This result in general terms becomes 

No. of c.c. of base used X strength of base in grams per c.Cw 
Equivalent weight of base 

_ Na_o^.c. of acid used x strength of acid in grams per c.c. 

~ Equivalent weight of acid 

Any five of the above factors being known, the sixth can be 
determined. 

N.B . — Do not try to remember too many formulae. Try to 
argue out your results as explained above, and then you will not 
find yourself in difficulties if you forget the formula. 

The above result may be obtained by working out the calculation 
in terms of normality. 


Data : — 

Strength of sodium hydrate solution =0*0038 gram per c.c. 

A normal sodium hydrate solution contains 0*04 gram 
NaOH per c.c. 

.*. Normality of solution = = 0*095 
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By experiment 25 c.c. of 0*095 N sodium hydrate are neutralised 
by 19 c.c. of hydrochloric acid. 

25 

Strength of hydrochloric acid is -- X 0*095 A/' — 0*125 AT. 

But a normal solution of hydrochloric acid contains 0*0365 
gram hydrochloric acid per c.c. 

/. A 0*125 N solution of hydrochloric acid contains 
(0*0365x0*125) gram hydrochloric acid per c.c. 

=0*00456 gram hydrochloric acid per cx, ... Arts, 
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Expt. 2i6.-^a) To prepare a decinormal solution of sodium 
carbonate, {b) To standardise a given solution of nitric acid. — 

(a) The molecular weight of sodium carbonate, NagCOg, is 2X23 + 
12 + 16 X 3 = 106. 

From the equation Na2C03 4-2TICl=2NaCl-}-H20+C02 it can 
be seen that one molecule of sodium carbonate requires two equiva- 
lents of hydrochloric acid for its decomposition. 


The equivalent weight of sodium carbonate is 


106 


53 ‘ 


It is required to make a decinormal solution of sodium carbonate, 
i.e.f a solution containing 5*3 grams of sodium carbonate in one 
litre of solution. (See page 226.) 

Take either some chemically pure sodium carbonate or sodium 
bicarbonate and powder it finely in a mortar. Heat it strongly 
in a crucible until its weight is constant. Allow the vessel to cool 
in a desiccator each time. (Do not put the vessel in the desiccator 
until it has cooled sufficiently for you to be able to bear your hand 
close to it.) 

In the case of sodium carbonate any water present is driven off 
and the salt is left anhydrous. 

In the case of sodium bicarbonate the following action takes 
place : 

2NaHC03 == Na^COa 4- H^O -f CO 2 
and anhydrous sodium carbonate is left behind. 

Weigh a small stoppered glass weighing bottle very carefully 
and note the weight in your note-hook at once, 

®34 
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Weigh oilt 2*65 grams of your pure dry powdered sodium car- 
bonate in the little weighing bottle. Add or withdraw the salt 
by means of a clean, dry spatula. 

Select a clean, dry, glass funnel and a thin glass rod which will just 
pass through the stem of the funnel. Place the funnel in the neck 
of a clean 500 c.c. flask into which a little distilled water has been 
poured. Spill the dry sodium carbonate from the weighing bottle 
into the funnel and help the powder through the neck by means of 
the glass rod. Do not let the glass rod slip through the funnel or it 
will make a hole in your flask. When all the powder has been 
added and only traces cling to the walls of the funnel and to the 
bottle and rod, wash all these instruments thoroughly with dis- 
tilled water and pour the washings through funnel into the flask. 

Note. — Do not attempt to shift a block in the neck of the funnel 
by adding water. If you do so the sodium carbonate combines 
with water and, in doing so, swells and makes the obstruction harder 
than before. If your carbonate is properly powdered any 
stoppage can always be removed by shaking or by gentle pressure 
with the glass rod. Give the rod a twisting motion as you press 
the obstruction. 

2. Water is put in the flask to a depth of about 0 2 5 inch to 
prevent the sodium carbonate forming a cake on the bottom of 
the flask. This would happen if all the carbonate were added 
first and then water poured on top of it. The error is not irremedi- 
able as the caked sodium carbonate will dissolve eventually, but 
it results in loss of time. 

Add sufficient cold, distilled water to make the solution up to 
500 c.c., and shake up the solution thoroughly. 

This will be a decinormal solution and contains 0*0053 gram of 
sodium carbonate per c.c. 

{h) To standardise (estimate the strength of) the nitric acid 
supplied. — Wash your burette first with water, then with the given 
nitric acid solution. Clamp the burette in the stand. Pour nitric 
acid into the burette by means of a funnel and see that there are no 
bubbles in the tap. 

Read again all the instructions given in the previous demonstration. 

Use 20 or 25 c.c. of sodium carbonate for each titration. Use a 
teacup. 

Use methyl-orange as indicator. 
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From the equation 

NaoCOa + 2IINO3 = 2NaN03 + II3O+CO2 
106 + 2 X 63 

we see that 53 grams of sodium carbonate are equivalent to 63 
grams of nitric acid. 

Write out your data and calculate the strength of the nitric 
acid solution in a similar manner to that shown in the previous 
demonstration. 

(c) Litmus is not reliable as an indicator in the presence of 
carbon dioxide. If^ however^ the solution be heated to expel the 
carbon dioxide then litmus may be used as an indicator for the 
titration of carbonates with strong acids. 

Repeat the above experiment (b), using litmus as indicator and 
an evaporating basin as the reaction vessel. 

If you use a beaker or flask as reaction vessel^ place a white 
tile or a piece of white paper under the vessel when adding acid 
from the burette. It facilitates the observation of any colour 
change. 

The pink colour indicating tjie end-point should persist after 
heating. 

You should get results identical with those obtained with methyl- 
orange as indicator. 

Note on the use of litmus with carhonates.— Students 
frequently complain that it is difficult to obtain consistent or 
reliable results with litmus in carbonate determinations as litmus 
often seems to coagulate when the solution containing it is boiled. 
There is no doubt that this complaint is often justified either from 
the method of the preparation of the litmus solution or from some 
other cause. 

The following method gives satisfactory results. Obtain a 
rough titration so that you know to i c.c. how much acid to add for 
a titration. Take your carbonate solution, add to it what you 
know will be about i c.c. too little acid. Boil the solution till the 
CO2 is evolved. Now add indicator (litmus) and it will be found 
that the titration can be completed without coagulation taking 
place. It appears that repeated heating produces the coagulation. 
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Expt. 217. — Given a standard solution of potassium hydrate, 
to find the strength of a solution of potassium carbonate.— Take 
the dilute sulphuric acid off your bench and dilute it with distilled 
water until it requires roughly 10 c.c. of the acid to neutralise 10 c.c. 
of one of the alkali solutions. 

(The dilute sulphuric acid is not of constant strength in all 
laboratories^ but try adding about 9 c.c. of the bench dilute sul- 
phuric acid to 500 c.c. of distilled water. Shake up well to ensure 
thorough mixing,) 

Wash out your burette, first with distilled water and then with 
the dilute acid you have just made up. Observe the precautions 
given in the previous exercises. 

Fill your burette with the acid. 

Now titrate 25 c.c. of each of the given solutions (potassium 
carbonate and potassium hydrate) against the dilute sulphuric 
acid. 

Use methyl-orange as indicator. 

Write down your titrations at once in your note-book. 

Suppose as a result of your experiments you find that x c.c. of 
acid neutralise 25 c.c. of KOH solution, andy c.c. of acid neutralise 
25 c.c. of K2CO3 solution. 

Then 

I c.c. of acid neutralises — c.c. of KOH solution, 

X 

2K 

and I c.c. of acid neutralises — c.c. of K2CO3 solution. 

2 K 2 ^ 

In other words c.c. of KOH contain as much base as c.c. of 
X y 
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K2CO3 because they are capable of neutralising the same quantity 
of acid (ix, the amount of acid in i c.c. of solution). 

Suppose the strength of the KOH is 5 grams KOI! per c.c. 


Weight of KOH in ^ c.c. = ^ 


grams. 


But^ since the equivalent of KOH is 56 and the equivalent of 


/^ 78-|- t 2+48 \ 
2 


potassium carbonate, KoCOj, is ^ 

grams of KOH are equivalent to ^ 
of K2CO3. 




grams 


. . . . 

But this IS the weight of K2CO3 in c.c. 

/2 s 

‘.Weight of K2CO3 in i c.c. of solution ~ 1 


69 

56 


2.9 


grams 


^ K2CO3. 

y and x have been determined by experiment. 5 is known. 
(You do not need to know the strength of the acid solution used.) 
.*. Required strength of potassium carbonate is , . . grams per c.c, Ans, 


Note. — Solutions of bicarbonates are titrated in exactly the 
same way as carbonates, using litmus or methyl-orange as indicator. 
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Expt. 2 1 8. — To make a decinormal solution of sulphuric acid 
from the acid on your bench. — Take some of the dilute sulphuric 
acid from your bench, dilute it about 40 times with distilled water 
and thoroughly mix the solution by shaking it. Or, take strong 
sulphuric acid from your bench and dilute it about 200 times with 
distilled water, adding the acid cautiously to the water. Shake to 
mix thoroughly. 

Wash out the burette with distilled water and then with the dilute 
acid. Then fill the burette with the acid and titrate the acid 
against a standard alkali. 

Then 

number of c.c. of alkali X strength of alkali in grams per c.c. 
equivalent weight of alkali 

number of c.c. of acid x strength of acid in grams per c.c. 
equivalent weight of acid 

Fronx this the strength of the acid is obtained in grams per c.c. 

Let it be x gram H2SO4 per c.c. 

To take the particular example in question, sulphuric acid 
112804=2-1-324-64=98 is a dibasic acid and its equivalent weight 
is 49- 

A decinormal solution contains 4*9 grams H2SO4 per litre, i.e.j 
0*0049 gram H2SO4 per c.c. ^ 

If the strength of the acid, as determined by Ihe above experiment 
and calculation, works out at less than 0*0049 gram H2SO4 per 
c.c., the experiment must be started again, using acid which has been 
less diluted. The degree of dilution can readily be found by simple 
calculation. 


339 
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Suppose the calculated strength x grams HaS04 per c.c. is greater 
than 0*0049^ then, by adding water to the standardised acid, the 
strength can be reduced to 0*0049 gram per c.c. 

To find the amount of water to be added to v c.c. of standardised 
acid : — 


Weight of the acid in v c.c,==vXx grams 112804. 

.‘.If the strength is to be 0*0049 gram H2SO4 per c.c. the 


volume of the acid will be 


c 


z; X X \ 


c.c. Mix thoroughly. 


1*0049/ 

Take v c.c. of your acid and add sufficient distilled water from a 

( V X X \ 

o'oo ) thoroughly. 


( 


0049/ 

Conversely, to have just one litre of N / 10 acid we must take 


1000 X 


o*oo49\ 

X / 


c.c. of the standardised acid and make that 


volume up to one litre. Mix thoroughly by shaking. 


Note. — By “ making the volume up to a given volume any 
error due to the contraction of the solution on dilution is avoided. 
This error is negligible in such weak solutions as are being used 
here. 



DEMONSTRATION 51 

Expt. 219. — Estimation of the percentage of ammonia in an 
ammonium salt. — Fit up an apparatus as shown in Fig. 71, and 
see that all fittings are air-tight. Round off the ends of all tubes 
before pushing them through the corks. 

Notice that the tube directly connected to the side-tube of the 
distillation flask does not reach the bottom of the flask into which 



it dips. This is to prevent liquid from getting sucked into the 
distillation flask. 

The tube A dips to the bottom of both flasks. The first should 
be of about 500 c.c. capacity, and the second about 300 c.c. 
capacity. 

Finely powder some ferrous ammonium sulphate crystals and 
put about 2 ’5 grams into a weighing bottle. Weigh the salt and 
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the bottle accurately. Shoot the salt into the distillation flask 
by means of a glass funnel, taking care to hold the flask in such a 
position that none of the salt goes down the side-tube. Now weigh 
the weighing bottle again. 

The difference in these two weighings gives the weight of the 
salt taken. 

Let it be denoted by w» 

Add some water to dissolve the salt, also some glass beads. 

Into the 500 c.c. flask put 350 c.c. of standard acid of about 
Njio strength, and into the 300 c.c. flask put 50 c.c. of the same 
acid. Then total volume of standard acid used — 400 c.c. 

Fit the apparatus together. Now pour some strong caustic 
soda solution into the distillation flask and replace the cork con- 
taining the long tube shown in the figure. 

When the caustic soda is added a dirty green precipitate forms. 
It is for this reason that the salt is dissolved before adding caustic 
soda. If the caustic soda were added to the solid salt it would 
form a gelatinous mass over the surface of the crystals and it would 
be very difficult to ensure that all the salt would be attacked. If 
all the products of the reaction were either volatile or soluble it 
would not be necessary to dissolve the original solid before adding 
the caustic soda, though it would not be incorrect to do so. 

Boil the liquid in the distillation flask. The ammonium salt 
will be decomposed according to the equation 

(NH4)2S04 + 2NaOH = Na2S04 + 2lljd -f 2NH3. 

The ammonia gas passes along the delivery tube and, dissolving 
in the dilute sulphuric acid, neutralises a portion of it. 

2NH3 -f H2SO4 - (NH4)2S04. 

Some steam will have been given off during the boiling, and so 
the volume of the sulphuric acid will have increased a little. Blow 
air through the side tube B to drive out the last traces of 
ammonia. 

Make it up to some known volume, say 450 c.c. Take 50 c.c. 
for each titration and standardise against standard caustic soda 
solution, using litmus or methyl-orange as indicator. 

Strength of caustic soda=y grams per c.c. 

Quantity of caustic soda required for each titration ==z/ c.c. 
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Total quantity of soda used for neutralisation of the acid not 
neutralised by the ammonia 

450 

= v X — - = gv c.c. 

50 ^ 

= gvy grams NaOH. 

This is equivalent to gvy x grams H2SO4. 

qo 

Suppose the strength of the sulphuric acid used was z grams 
per c.c., 

then weight of sulphuric acid used^qoos grams, 
and weight of sulphuric acid used to neutralise tlie ammonia 
(49 


{4002 - X 9z-.y)} 


grams IlgSOi. 


- (^ X w)} grams NH,. 


w grams. 

X „ 

X 

w 

X 100 „ 


But 49 grams of sulphuric acid arc equivalent to 17 grams of 
ammonia, 

/.the weight of ammonia neutralised was 

17 r 

49(4°°^ 

— grams ammonia (suppose). 

Weight of salt taken = 

Weight of ammonia in w grams of salt — 

Weight of ammonia in i gram of salt ~- 

Weight of ammonia in 100 grams of salt = 

Substituting for x we have : 

Percentage of ammonia in the given salt is 
17 100 f (4g 

- [40 

•'.Required percentage of ammonia— ... % Answer, 

A simpler apparatus may be employed — (see Figs. 72 and 73). 

Instead of the pipette and flask containing acid a funnel and a 
beaker may be used for the absorption apparatus. 

- The above is a general method applicable to all ammonium salts, 
but if all the products of reaction are soluble or volatile the following 
procedure is also applicable. 

e,g,y Suppose you are required to find the percentage of ammonia 
in commercial ammonium salt. 


Boil a weighed quantity of the ammonium salt with a known 
volume of standard caustic soda. After all the ammonia is ex- 
pelled (use turmeric paper to test for the gas) make up the volume 
of the solution to the original volume. (Some water will be lost 

DuiuiiclifT s Pract. Chem. . 



244 


PRACTICAL CHEMISTRY 


as steam.) Titrate the excess of soda against a standard acid 
solution and calculate the result in a manner similar to that ex- 
plained in the above experiment. 



A, Ammonium salt, water and caustic 

soda. 

B, Sand-bath. 

C, 25 c c. pipette. 

D, Flask containing standard acid. 
Pipette tube dips about J inch 
below surface of acid. 


Instead of a pipette and 
flask containing standard 
acid, the acid may be put 
in a beaker and the am- 
monia passed in by means 
of an inverted funneh 



Fig. 73. 


A, Connection to flask. 

B, Funnel. 

C, Beaker. 
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Expt. 220. — To estimate the amounts of sodium hydrate and 
sodium carbonate in a solution containing both the substances.^ — * 

You are given a standard solution of hydrochloric acid 
I c.c.=s grams HCl. 

This estimation depends upon the fact that the indicator phenol- 
phthalein only shows when the acid has converted the sodium 
carbonate to bicarbonate, i.e,, the end-point of the reaction repre- 
sented by the equation 

Na^COa + HCl - NaHCOa 4* NaCl 

Sodium Sodium 

carbonate bicarbonate 

In order to decompose the sodium carbonate completely two 
molecules of hydrochloric acid are required for one molecule of 
sodium carbonate. 

When phenolphthalein is added to a solution of sodium carbonate 
it gives to the solution a pink colour which is destroyed when, by 
the addition of acid, the reaction shown in the above equation is 
completed. 

Sodium hydrate solution also gives a pink colour to phenol- 
phthalein, and this is also turned colourless when hydrochloric acid 
is added. 

If therefore a measured quantity of the alkali solution is taken 
and phenolphthalein added we can, by running in standard hydro- 
chloric acid, indicate the amount of acid required (a) to neutralise 
all the NaOH, plus {b) the amount of acid required to convert 
the carbonate into bicarbonate. 

. This will be called the first titration.’’ 
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Put the add in the burette. 

Use 25 c.c. of the given alkali solution for each titration. 

Read your burette and note the reading in your note-book. 

At the end of the “ first titration ” the solution will be colourless. 

To the same solution add a little methyl-orange. The solution is 
yellow. Now run in acid until the solution turns pink. 

Read your burette and note the reading in your note-book. 

The “ second titration ’’ shows the amount of acid required to 
decompose the bicarbonate. 

From this it will be seen that the sodium carbonate is decomposed 
in two stages each of ivhich requires the same quantity of hydro- 
chloric acid. 

Each of these quantities is the amount represented by second 
titration. 


Write down your titrations in tabular form. (See page 248 ) 
vSuppose the “ first titration '' (end-point indicated by phenol- 
phthalein) reejuires .x c.c. of standard acid, and that the “ second 
titration ” (end-point indicated by methyl-orange) requires y c.c. 
of standard acid. 

Since 25 c.c. of the alkali were used for each titration, 

Then quantity of acid required by the carbonate in 25 c.c. of 
mixture is 2y c.c., and quantity of acid required by the -hydrate 
in 25 c.c. of the mixture is (x—y) c.c. 

But the strength of the standard acid is z grams oer c.c. 
.•.Quantity of carbonate in one litre of solution 

iooo\ 

2^ X 2 X X - j grams NaoCOj per litre, 

and quantity of sodium hydrate in one litre of solution 
40 lOOO'l 


{(. 


-y)y.t 


^ 36-.5 ^ 25 j 


grams NaOII per litre. 


Given solution contains 


f . . . grams NagCOs litre\ . 
\ . . . grams NaOH per litre J 
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Expt. 221. — (a) To determine the equivalent weight of an acid, 

(b) To determine the basicity of an acid of known molecular weight. 

(c) To determine the molecular weight of an acid of known basicity. — 

The method of procedure in all these cases is to weigh out a quantity 
of the acid, make a solution of it in water and then titrate against 
a standard alkali. 

In these experiments a strong base must be used, e.g., sodium 
or potassium hydrate with phenolphlhalein as indicator. If a 
strong acid were given, litmus or methyl-orange would do, but, 
as you do not know the nature of your acid, the indicator of the 
widest application must be employed, viz., phenolphthalein. 

The method of finding the equivalent weight of acid will he given 
in detail. 

Take a clean weighing bottle and put in it about 2*5 grams of the 
acid. Transfer the acid to a 250 c.c. flask by means of a glass 
funnel. Weigh the weighing bottle and the residue of acid. The 
acid left sticking to the funnel is washed into the flask and water 
added to make up the total volume of the acid to 250 c.c. Shake 
up thoroughly to ensure complete mixing. 

Wash your burette first with distilled water and then with your 
acid solution. Fill the burette with the acid. 

Take 20 c.c. of the caustic soda supplied for each titration. 
The caustic soda is of approximately N jio strength. 

Repeat your titrations until constant results are obtained. 
Write down your weighings and other observations at once in 
your note'book. 
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Enter your results thus : — 

Weight of weighing bottle and acid ™ W grams. 

Weight of weighing bottle and residue )) 

.’.Weight of acid taken — {\V —w) yy 

The acid was dissolved in distilled water and the solution made up 
to 250 c.c. 


Strength of the acid is 


W~~w\ 

250J grams per c.c. 


Strength of caustic soda solution grams NaOH per c.c. 
Volume of caustic soda used for each titration = 20 c.c. 
Indicator — phenolphthalein. 


Titrations : — 


Height of burette at beginning ...c.c. ...c.c. ...c.c. ...c.c. ...c.c. 

Height of burette at end .. ...c.c. ...c.c. ...c.c. ...c.c. ...c.c. 


Volume run in .. .. .. ...c.c. ...c.c. ...c.c. ...c.c. ...c.c 

Average = x c.c. of acid. 


By definition : — 

The equivalent weight of the acid is the number of grams of the 
acid which are required to neutralise one gram equivalent {i.e,, 
40 grams) of caustic soda. 

From the above data 

Number of grams of acid required to neutralise 20a grams of 
NaOH = . 


250 

Number of grams of acid required to neutralise i gram of 

N.OH - 52^==? . 

20a X 250 

Number of grams of acid required to neutralise 40 grams of 

^ox{W —w) x{W —w) 

NaOH — ‘ ~~ — - 

20a X 250 125a 


Required equivalent weight of given acid— . . . Ans. 

(b) If you are given the molecular weight of the acid find the 
equivalent weight as described above and the basicity is deter- 
mined from the ratio 

molecular weight of acid , • 

— .. , r-— - =basicitv. 

equivalent weight of acid 

(^) Given the basicity, to find the molecular weight. 

Find the equivalent weight of the acid in the manner described 
above. 

Then 

basicity X equivalent weight of acid— molecular weight of acid. 
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Expt. 222.— To estimate the strength of a given solution of 
calcium chloride. — When sodium carbonate solution is added in 
excess to a solution of calcium chloride all the calcium present will 
be precipitated as calcium carbonate. {Cf. Expt. 87, page 93.) 

CaCla + NagCOa = 2NaCl + CaCOg 

40+35*5x2 40 + 12+48 , 

^ V -j 

III 100 

From this equation we see that iii grams of calcium chloride 
are equivalent to 100 grams of calcium carbonate. 

When calcium carbonate is dissolved in hydrochloric acid the 
equation 

CaCOg + 2HCI - CaClg + 1120 + CO2 

100 73 III 


shows that 100 grams of calcium carbonate are equivalent to 73 
grams of hydrochloric acid. 

73 grams of hydrochloric acid are equivalent to iii grams of 
calcium chloride. 

By determining how much hydrochloric acid is required to dis- 
solve the calcium carbonate produced from given volume of calcium 
chloride solution, the weight of calcium chloride can be determined 



the weight of hydrochloric acid 



The procedure is as follows : — 

An excess of sodium carbonate solution is added to a known 
volume of given solution of calcium chloride. The calcium is 
quantitatively precipitated as calcium carbonate and the amount 
of hydrochloric acid required to dissolve that carbonate is estimated. 

In practice the precipitate of calcium carbonate is dissolved in 
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excess of standard acid and the excess of standard acid is deter- 
mined by a solution of sodium carbonate of known strength. 

Take x c.c. of given calcium chloride solution, and to it add 
sodium carbonate solution. Shake or stir thoroughly. 

Filter off the precipitate of calcium carbonate. 

The precipitate of calcium carbonate is washed with distilled 
water until the washings show no signs of alkalinity. 

Now dissolve the precipitate of calcium carbonate by pouring 
over it a known volume (v c.c.) of standard hydrochloric acid, and 
wash the filter paper by pouring over it distilled water. Mix the 
washings with the original solution and make up to a known 
volume (2V c.c.). See that you have completely dissolved the 
precipitate and that the solution is distinctly acid. 

Put some of this solution in a burette and titrate it against a 
standard solution of caustic soda. 

Use methyl-orange as indicator. 

Write down your data clearly. 

Volume of given solution of calcium 
chloride taken — x c.c. 

Volume of hydrochloric acid taken 
to dissolve the precipitate ^ = z; c.c. 

This volume, after adding washings, 

became = . 2v c.c. 

Strength of the acid == a grams HCl per c.c. 

Volume of caustic soda used for each titration — lo c.c. 

Strength of caustic soda used— ^ grams NaOH per c.c. 

Indicator, methyl-orange. 

Titrations : — 


Height of burette at beginning 
Ditto at end 


;...c.c. ...cc. /..c.c. y..c.c. ...c.c. 
^^..c.c. .{..cx ...cc. .^.c.c. 


Volume run in . . .. .. *..cc. ,...cc ..cc. ...c c. ...c.c. 

Average quantity of acid used y c.c. for lo c.c. of soda. 


1 • r 1 • i /2Z; X Io\ 

Total quantity of soda required = \''y — J 


. . (2V 

Weight of NaOH in this is ( - 

X lO 
36-5^ 


X 10 

~y 


2V 

This is equivalent toyXioxZ>x grams HCl 


2y 


X b grams NaOH. 

| 6-5 

40 ^ 
grams HCl. 


Total quantity of HCl used=(t^Xa) grams HCl. 
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Quantity of IICl required to dissolve the calcium carbonate 
~ j grams IICl. 

Now from the equation 

CaCOa + 2nCl - CaCla 4- CO^ 4- H 2 O 

( 404-1 2U^) (2 X36‘5) 40 4 - 2 X 35-5 

100 73 III 


we see that 

100 grams of calcium carbonate 1 

III grams of calcium chloride V are interequivalcnt. 

73 grams of hydrochloric acid j 

(va — hydrochloric acid arc equi\^alcnt to 


iiiz; 

73 


X a 


2 y 

_ 36-5^' 

2y 


grams of calcium chloride. 


But this is the weight of calcium chloride in x c.c. of the solution. 
Number of grams of calcium chloride in one litre of the given 
solution is 


iiw f 3b‘S^\ 

— a — -lx 1000 grams. 

73 ^^ \ 2 y J ^ 

Required result : — 

The solution contains . . . grams CaCl2 per litre. Ans. 


To calculate the result in terms of “ normalities ” : — . 


Normality of the hydrochloric acid solution —number of 
equivalents of hydrochloric acid in one litre of solution 
__ strength of hydrochloric acid _ a 


gram- 


When diluted 


0-0365 

from volume 


” (suppose). 

0 0365 

z/n to normality will become 


V 

n X (suppose). 

But let the normality actually found after the acid has dis> 
solved the CaCOs—Wi. 

Then number of equivalents used up in dissolving the 
CaCOs— (W()~-Wi). 


But the gram-equivalent weight of CaClg — = 55'S. 

^^'^^numher of grams of dissolved in one 

litre of solution. . . . Ans. 
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Note to Demonstrators 

Suitable quantities for the performance of this experiment are 
as follows : — 

Make a solution of calcium chloride by dissolving about 2*5 
grams of pure calcium carbonate in dilute hydrochloric acid and 
make it up to 100 c.c. 

This will enable you to check the accuracy of the final results. 

Take 25 c.c. of this solution and add the sodium carbonate solu- 
tion to it. This had better be done in a flask or in a beaker covered 
with a watch glass, otherwise the effervescence (due to the action 
of sodium carbonate on the excess of the acid used in dissolving 
calcium carbonate) may cause a certain amount of loss. 

Filter, wash and use 250 c.c. of approximately N / 10 hydrochloric 
acid to dissolve the precipitate. 

Make the filtrate and washings up to 500 c.c. 

Use approximately A^/20 sodium hydrate for the titrations 
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Precipitation Method No. 2 

Expt. 223. — Estimation of the percentage of barium in a given 
solution of a barium salt. — In this case a known volume of the 
solution of the barium salt is precipitated by a standard solution 
of sodium carbonate. The precipitate of barium carbonate is 
filtered off and the filtrate, after being made up to a known volume, 
is titrated against a standard acid. 

In this manner one estimates the amount of carbonate which 
has been used up in precipitating the barium according to the 
equation 

BaX'a -I- NagCOs = BaCOa + 2NaX' 

(l37+2:x:) 106 

1 37 

Multiply the mass of sodium carbonate used up by — ^ and you 

obtain the weight of barium which was precipitated by it. 

The method is the same as that described in the following 
problem : — 

Expt. 224. — Determine the number of molecules of water of 
crystallisation in the given crystals of barium chloride. — Weigh out 
a known amount of barium chloride, keeping in mind the fact that 
the equivalent weight of barium chloride is at least 104 

Take 2*5 to 3 grams of baiium chloride and dissolve them in 
water (100 c.c.). 

The solution so produced will be somewh&,t less than N[io, 
To this solution add 100 c.c. of A^/2 sodium carbonate. 

Filter off the precipitate and wash thoroughly with distilled 
water, adding all the washings to the filtrate. Make up washings 
and the filtrate to 500 c.c. 

Put N jio hydrochloric acid in your burette and use 25 c.c. of 
your solution of carbonate for each titration. 
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Use methyl-orange as indicator. 

The quantity of acid required for neutralisation of 25 c.c. will 
be about 20 c.c., but the exact quantity depends entirely on the 
quantity of barium chloride used. Suppose the volume of acid 
used for each titration is a CaC. 


Bata : — 


Weight of weighing bottle and BaCl2,A;Il20 = W grams. 

Weight of weighing bottle and residue — 7 v „ 

Weight of BaCl2,^'iT20 taken ~ {W —w) „ 

Strength of sodiuml -.j, xt 

carbonate solution) = gram Na,C03 per c.c. 

Volume of iV/2 NagCOa solution used = 100 c.c. 

Weight of sodium carbonate used (0*0265 x 100) grams NagCOg. 

=2*65 grams NagCOg. 

Total volume of filtrate 500 c.c. 

Volume used for each titration =25 c.c. 

Indicator, methyl-orange. 

Here write the actual titrations. 

Volume of iV/io acid required for each titration c.c. 


Total quantity of acid required X 


500 


= 20 a c.c. 


Quantity of sodium carbonate represented by (20 a) c.c. of V/io 
acid— 20a X 0*0053 grams NagCOg. 

Quantity of NagCOg used for the precipitation of the barium 
=(2*65 — 20 X 0*0053 X a) grams NagCOs. 

But 208*4 grams of BaCl2 are equivalent to 106 grams of sodium 
carbonate. 

.*. Weight of barium chloride (anhydrous) is 

(2*65— 20x0*0053 X a) grams— ITi grams (suppose). 

Now weight of salt taken was (W — w) grams. 

Hence wc have the relationship 

BaCl2,:vn20 {W —%v) i37-j-7i+xxi8 

BaCla ITi “ i 37 + 7 i 


W —w _ i8x"-|-2o8 
' ffi "" '"208“ 


20m -w-W^) 

_ 0 '-*= 

All these quantities are known except x. 

Required number of molecules of water of crystallisation is . Ans» 
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Expt. 225. — Estimation of a solution of sodium chloride by silver 
nitrate solution of known strength. — When silver nitrate is added 
to a solution of sodium chloride the reaction which takes place is 
quantitative and is represented by the equation 

NaCl -h A^NO., - AgCl+NaNOg 

58'5 

The silver chloride forms an insoluble precipitate and is thus 
removed from the sphere of action. A normal solution of silver 
nitrate contains 170 grams of AgNOs litre of solution. 

A decinormal solution of AgNOs contains 0*017 gram AgNOa 
per C.C., or 0*0108 gram of Ag per c.c. Also — 

A decinormal solution of NaCl contains 0*00585 gram NaCl 
per c.c., or 0*00355 gram chlorine per c.c. 

The sodium chloride is measured into the “ reaction vessel/^ 
and the silver nitrate solution is run in from a burette. 

As soon as all the chlorine is precipitated as silver chloride there 
will be a slight excess of silver nitrate. 

This “ end-point ” is shown by the indicator potassium chromate, 
with which silver nitrate gives a red colour, due to the formation 
of silver chromate. 

2AgN03 -T K2Cr04 — Ag2Cr04 + 2KNO3 
Red precipitate 
or coloration 

This reaction, however, does not take place until the reaction 
between the nitrate and any soluble chloride present is completed. 
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In order for the estimation to be successfully carried out the 
solutions employed must he neutraL 

The pink colour indicating that the reaction is completed should 
persist after stirring. Remember that you have a precipitate in 
your reaction mixture. So it is most important thoroughly to stir 
the solution, but do not splash. 

Make up a standard solution of silver nitrate by weighing out 
4 to 4*5 grams of pure powdered silver nitrate in a weighing bottle. 

Transfer the salt to a graduated 250 c.c. flask by means of a 
glass funnel. Thoroughly wash all the traces of silver nitrate from 
the weighing bottle and the funnel and add them to the contents 
of the 250 c.c. flask. Make the solution up to 250 c.c. 

Use only distilled water. 

Make sure that your solution is thoroughly mixed. Rim in the 
silver nitrate from the burette. 


Estimate the strength of the given solution of sodium chloride. 

Suppose that for 20 c.c. of your sodium chloride solution you 
require v c.c. of silver nitrate solution. 

Strength of the silver nitrate^olution=:^ grams AgNOj per c.c. 

Weight of sodium chloride equivalent to 170 grams AgNOs 
=58*5 grams NaCl. 

Weight of sodium chloride equivalent to i gram AgNOg 
== grams NaCl. 

Weight of sodium chloride equivalent to (vs) grams AgNOg 
= X 2/5^ grams NaCl. 

But this is the quantity of sodium chloride in 20 c.c. of solution. 

Required strength of sodium chloride solution is 


I 

20 


(i^ X grams NaCl -^^r c,c. . , 


. Ans, 
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Expt. 226. — I. Find the percentage of potassium in the given 
crystals of potassium chloride. — Powder the salt. 

Weigh out about i’8 grams of it and dissolve it in water. 

Make up to 250 c.c. with distilled water. 

Be sure the solution is thoroughly mixed. 

Use neutral potassium chromate as indicator. 

Run in the standard silver nitrate from the burette. 

170 grams of AgNOg are equivalent to 39 grams of potassium 
(as KCl). 

Work out your result in a manner similar to that explained in 
detail in the previous demonstration. 

Express your result thus : — 

Required percentage of potassium in potassium chloride is . . ,Ans. 

II. Find the amount of chlorine present as chlorides in tap-water. — 

Use N 1 100 AgNOg. See that all the solutions used are neutral. 
Express your result as parts per million. 

Note. — Always keep your silver nitrate solutions in brown bottles. 
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Oxidation by Potassium Permanganate. 

Potassium permanganate solution may be used in the presence 
of sulphuric acid as an oxidising agent. 

Its formula may be taken as K2Mn208 and, as it crystallises 
without water of crystallisation, its molecular weight is 
2 >'39-1-2x55 |-<Sx 16=316. 

To find out what is the equivalent weight of the substance when 
it is used as an oxidising agent we must see how much oxygen, 
capable of being used for purposes of oxidation, it contains in 
one gram-molecule. 

With sulphuric acid in dilute aqueous solution the action in the 
presence of an oxidisable substance is 

KoMngOg + 31X2804 = 31126 H-K 2 S 04 + 2 MnS 04 + 5O 

316 ^ 80 

i.e.^ 316 grams of potassium permanganate contain 80 grams of 
oxygen which are capable of being used as an oxidising agent. 

Such oxygen is called “ available oxygen.’’ 

Now a normal solution of an oxidising agent is a solution which 
contains in one litre 8 grams of “ available oxygen,” the number 
of grams of oxygen which would convert one gram of hydrogen into 
water. 

316 grams of potassium permanganate contain 80 grams of 
“ available oxygen.” 

Therefore the normal solution of potassium permanganate con- 
tains 31*6 grams of K2Mn208 per litre. 

There are three ways of expressing the strength of a potassium 
permanganate solution. 

(1) The number of grams of potassium permanganate per c.c. 

(2) The number of grams of ‘‘ available oxygen ” per c.c. 

(3) The number of grams of iron which one c.c. is capable of 
oxidising from the ferrous to the ferric state. 

From the equation 

2FeO -p O - Fe203 

Ferrous oxide Oxygen Ferric oxide 

2 X 56 16 
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it can be seen that 8 grams of oxygen will convert 56 grams of 
iron from the ferrous to the ferric state. 

Therefore a normal solution of potassium permanganate may have 
its strength stated thus : — 

I c.c. contains 0*0316 gram of potassium permanganate. 

I c.c. contains o*oo8 gram of “ available oxygen.’’ 

I c.c. is equivalent to 0*056 gram of iron. 

The permanganate solution is always run in from the burette. 
Read the top edge of the layer of liquid. The solution is too dark 
to allow you to see the curve of the meniscus properly. 

When potassium permanganate is run into a solution in the 
presence of sulphuric acid it colours the solution pink^ but if an 
oxidisable substance is present the permanganate gives up its 
“ available oxygen/’ and colourless salts of potassium and man- 
ganese are formed. Hence, so long as there is any oxidisable 
substance present, the potassium permanganate is decolorised as 
soon as it is run into the solution. When all possible oxidation 
has taken place, the addition of a drop of potassium permanganate 
in excess gives to the solution a pink coloration and indicates that 
the reaction is finished. 

Potassium permanganate acts as its own indicator and shows the 
‘‘ end-point ” by a permanent pink coloration. 

Always use a burette with a glass tap. Rubber is likely to be 
attacked by the potassium permanganate. 

If the solution goes brown during the addition of the potassium 
permanganate, it is possibly due to the fact that you have not added 
the sulphuric acid or that the quantity added is insufficient. Try 
also adding the permanganate more slowly and stirring more 
thoroughly in a fresh titration. 

Potassium permanganate crystals are liable to be impure and 
the strength of the solution is liable to alter through decomposition, 
so it is better, for accurate work, to standardise your solution each 
time before use. 

Keep permanganate solutions in dark-coloured bottles or in a 
cool, dark cupboard. 

It is important that all water used should be “ air-free/' 


Dunnicliff’s Pract Chem. 
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Expt. 227. — (i) To prepare a decinormal solution of ferrous 
ammonium sulphate and (li) from this standard solution, to prepare 
a N/io solution of potassium permanganate. — Crystals of ferrous 
ammonium sulphate can be obtained in a pure state, and are not 
likely to undergo decomposition. 

The formula of the crystals is FeS04,(Nn4)2S04,6IT20. 

Molecular weight =56 +96 -1-36-1-96 -f 108 —392. 

It is convenient to remember that ferrous ammonium sulphate 
contains one-seventh of its weight of iron in a molecule. 

A normal solution of a ferrous salt contains as much iron as will 
be oxidised by 8 grams of oxygen, i.e., 56 grams of iron or 392 grams 
of FeS04,(NFl4)2S04,6H20. 

Therefore to make a decinormal solution we must dissolve 39*2 
grams of ferrous ammonium sulphate in water and make the 
solution up to 1000 c.c. (i litre). 

Weigh out carefully i9’6 grams of pure powdered ferrous ammo- 
nium sulphate in a weighing bottle. 

Weigh the bottle first, as the last traces of salt must be washed 
from the bottle to the flask by air-free water. It will be found 
convenient to add a few drops of dilute sulphuric acid to the water 
used for dissolving the salt. 

Make the solution up to 500 c.c. by air-free distilled water in a 
stoppered graduated flask. 

Put in the stopper and ^hake the flask thoroughly. 

Weigh out in a weighing bottle 1*6 to 1*7 grams of pure potassium 
permanganate. Transfer it to a flask and dissolve it in cold water. 
Make the solution up to 500 c.c. and shake up thoroughly. 

Put the permanganate solution in the burette. 
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The reaction mixture has not to be heated^ so use a tea-cup for 
your titrations. 

Take 25 c.c. of ferrous ammonium sulphate solution for 'each 
titration. 

Add about 20 c.c. of dilute sulphuric acid from your bench. 

Note down the reading of the burette in your note-book. 

Run in the potassium permanganate until the solution in the 
cup has a permanent pink coloration. Be sure you stir thoroughly. 

Do not be satisfied until you obtain three concordant titrations. 

Remember that if your titrations are not alike the discrepancy 
may be due to — 

(1) Imperfect mixing when making up solution. 

(2) Insufficient sulphuric acid. 

(3) Dirty apparatus. 

(4) Improper use of your measuring instruments. 

The strength of your ferrous ammonium sulphate is equivalent 
to (i) 0*0056 gram of iron per c.c. 

(2) o‘ooo8 gram of oxygen per c.c. 

(3) 0*00316 gram of potassium permanganate per c.c. 

Suppose^ as a result of the titrations, we find that 25 c.c. of the 
ferrous ammonium sulphate requires 22 c.c. of the potassium 
permanganate solution for the complete oxidation of its iron from 
the ferrous to the ferric state. Then the strength of the perman- 
ganate solution can be written as containing 

25 

X 0*00316 gram of potassium permanganate per c.c. 

25 

or 2 " X o*ooo8 gram of “ available oxygen ” per c.c. 

or equivalent to 

25 

X 0*0056 gram of iron per c.c. 

To make a decinormal solution of potassium permanganate from 
this solution : — 

Measure out 220 c.c. of potassium permanganate solution into 
a 250 c.c. flask andsadd air-free distilled water up to the mark on 
the neck of the flask. Replace the stopper and shake up thoroughly. 
Do not leave the solution exposed to light for a long time. 
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Expt. 228. — Standardisation of potassium permanganate by 
means of iron wire. — Take a piece of thin piano wire and clean it 
thoroughly by rubbing it with sand- or emery-paper. 

Fit a clean 250 c.c. flask with a Bunsen valve. 

Fig. 74 shows the structure of the Bunsen valve. Find a piece 
of glass tube and a piece of glass rod ])oth of 
which fit the same piece of rubber tubing. 

Cut off a short length of glass tube^ round off 
the ends, and'^push it through a single hole cork 
or rubber bung which fits the neck of your 250 
c.c. flask. 

Carefully cut a vertical slit about half an inch 
long in the rubber tubing. Fit the rubber tubing 
on to the glass tubing and then close its end with 
the glass rod ; see that the edges of the glass 
rod are rounded off. 

If a piece of rod of the requisite size is 
not available, close a piece of glass tubing and use that 
instead. 

It will be seen that gas can come out of the flask by way of the 
valve, but no air from outside can enter. This prevents the liquid 
inside the flask from oxidation by the oxygen of the air. 

Weigh out I to 1*5 grams of the cleaned pianc wire and put it in 
the flask. Add dilute sulphuric acid and fit in the bung containing 
the Bunsen valve. Keep the flask away from naked flames. If 
the solution of the wire is slow, warm the flask gently by means of 
a water-bath. 


-Glass rod 
-‘Rubber tubing 

il Hf-®"' 

-Glass tubing 
Cork 

Flash neck 
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Allow the action to continue till all the iron has dissolved, or at 
any rate until all action has ceased, and only minute traces of 
residue remain. 

Cool the flask by allowing tap-water to flow over it, and then 
make the solution up to 250 c.c. by air-free water. Shake up 
thoroughly. 

Put your given potassium permanganate solution into the 
burette. 

Use 25 c.c. of the iron solution for each titration. 

Do not forget to add dilute sulphuric acid. 


Weight of iron taken — 1*3 grams (suppose). 

’.Strength of solution — 5*2 grams Fe" per litre. 

— 0*0052 gram Fe" per c.c. 

No. of c.c. of solution required to oxidise 25 c.c. of 

iron solution c.c. (suppose). 

Then strength of permanganate solution is equivalent to 


or 

or 


(0-0052 X 
(0-0052 X 
(0-0052 X -fj 


gram iron per c.c. 


8 

56 


gram ‘‘ available oxygen per c.c* 


31*6 

'56 


gram potassium permanganate per c.c. 
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Expt. 229. — To estimate the amount of iron present in a ferric 
salt. — Weigh out a known amount of the salt and dissolve it in 
water. 

The iron must now be reduced from the ferric to the ferrous state. 
This is done by acidifying the solution with dilute sulphuric acid 
and then adding zinc. The sulphuric acid forms nascent hydrogen 
by its action on the zinc, and the ferric iron is reduced to the ferrous 
state. 




Fe,(SO,), + 

and 

sulphate 


2 II 

Nascent 

hydrogen 


give 


2FeS04 + H2SO4 
I^errous i Sulphuric 
sulphate acid 


Close your flask by means of a Bunsen valve. 


DO NOT USE HYDROCHLORIC ACID 

because permanganate titrations are not reliable in the presence 
of hydrochloric acid. 

The point when all the ferric iron is reduced to the ferrous state 
may be determined by withdrawing a drop of the solution and 
bringing it into contact with a drop of potassium sulphocyanide 
solution on a white tile. If there is no reaction the whole of the 
iron has been reduced to the “ ferrous state, but if a red coloration 
results some ferric iron still remains. 

The actioh must be allowed to continue until the test with 
potassium sulphocyanide is negative. 

Withdraw solution from the flask by means of a pipette, and 
titrate against standard potassium permanganate solution run in 
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from a burette. Be sure no fragments of zinc get into your 
reaction vessel.’’ 

To estimate the percentage of iron in ferric alum take about 
20 grams and dissolve in water. Make up to 250 c.c. 

Titrate against permanganate solution which is approximately 
N/10. 
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Expt. 230.— To estimate the strength of a solution of oxalic 
acid by means of potassium permanganate. — When potassium 
permanganate is run into an acidulated (H 3 SO 4 ) solution of oxalic 
acid or an oxalate^ the oxalate is oxidised. 


H2CA +0 = H3O + 2CO3 

Oxalic acid on oxidation gives Water and Carbon dioxide 

Similarly 


Ammonium 

oxalate 




H2SO4 + O 

Sulphuric IS 

acid oxidised 


giving 


Ammonium 

sulphate 


+ 

and 


iho 

Water 


-f 

and 


2CO2 

Carbon 

dioxide 


We see that 90 grams of oxalic acid are equivalent to 16 grams of 
oxygen. 

Similarly 124 grams of ammonium oxalate are equivalent to 
16 grams of oxygen. 

Taking the typical case of oxalic acid, the reaction which proceeds 
IS represented by the equation 


give 


KgMngOs 

Potassium 

permanganate 


316 

K2SO4 

Potassium 

sulphate 


+ 

and 


+ JH^O. + 5(C00H), 

•"0 "“Sr *»<■ 


2MnS04 

Manganese 
sulphate ^ 


-f 

and 


5X90 
I0CO2 d” 
Carbon 


dioxide 


and 


8H3O 

Water 


From this we see that 316 of potassium permanganate (i.e., 
80 grams of oxygen) are equivalent to 5 x 90 =450 grams of oxalic 
acid. 
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Put the standard potassium permanganate solution in the 
burette. Use a beaker or an evaporating basin as the “ reaction 
vessel/’ because the solution has to be heated in order to make the 
reaction proceed to a finish. 

Use 20 or 25 c.c. of oxalic acid solution for each titration. Run 
the oxalic acid into the beaker. Add dilute sulphuric acid. The 
reaction should be carried out at a temperature of about 60° C. 
If the beaker is just as hot as you can bear to hold with the naked 
hand the temperature is about right. 

The encf-point is indicated by the persistence of a pale pink 
colour in the solution. 


Write your titrations in tabular form. 

Suppose the strength of the potassium permanganate solution 
is a gram per c.c. 

Volume of oxalic acid taken for each titration =25 c.c. 
Volume of permanganate solution required for the oxidation of 
25 c.c. of oxalic acid=z; c.c. 

Let the strength of the oxalic acid solution be x gram per c.c. 


Hence 

25 XX 


450 


45oxaxz; <^av 


25x316 

Required result — 


grams per c.c. 

. . grams oxalic acid per c.c. 


A ns. 
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Problems 

1. Find the equivalent weight of metal of which the given 
substance is a pure dry basic oxide soluble in dilute hydrochloric 
acid. 

(Given standard HCl and iV/io NaOIL) 

2. Find the proportion in which hydrochloric and sulphuric 
acids are mixed in the given solution. 

(You are given the total weight of acid per litre and a standard 
solution of a base.) 

3. Find the percentage of NagO in a given specimen of caustic 
soda which has been exposed to the atmosphere. (Given standard 
acid.) 

4. Estimate the concentration of the lime-water on your bench. 

5. Find the number of molecules of water of crystallisation in 
the given substances. 

(a) Sodium carbonate. 

(b) Oxalic acid (two methods). - 

(c) Ammonium chloride. 

(d) Ferrous sulphate. 

6. The solution is a mixture of dilute nitric and hydrochloric 
acids. Find the percentage of each present in the solution. 

7. Find the percentage of potassium carbonate and of potassium 
chloride present in the given commercial sample of potassium 
chromate. 

8. Estimate the percentage of ammonia present in the commercial 
sample of ammonium sulphate. 

9. Find the number of grams of sodium and potassium chlorides 
present in one litre of the given solution. 

"^ou are told the total weight of salt dissolved. 

10. Estimate the percentage of sodium bicarbonate and normal 
carbonate in the given solution. 
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11. Estimate the percentage of iron present in the given sample 
of iron filings. 

12. Find the percentage of iron in iron alum. 

13. Standardise the given solution of hydrogen peroxide. 

(5 II 2O2 “h 3 ^^ 2 S 04 -f- K 2^^ “ 3 ^ 2^ “h 5 ^2 "F K 2SO4 4 “ 2 MnSOi) . 

14. Determine the percentage of combined acid in the given 
commercial sample of sodium oxalate. 

15. B is a, mixture of oxalic and sulphuric acids in solution. 
Estimate the percentage quantity of each acid present. 

16. Determine the formula of the given oxalate of iron by a 
volumetric method. 

17. Find the equivalent weight of the given acid by a volumetric 
method. 

18. Determine the solubility ' of the given oxalate at the 
temperature of the laboratory. 
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Atomic Weights 


In solving problems and equations use the approximate atomic 


weights and valencies given in this table. 

Atomic 
Formula. weight. 

Aluminium . . . A 1 27 

Valency 

III. 

Antimony 



Sb 

120 

‘‘ ic ’’ V. “ ous ” III. 

Arsenic 



As 

75 

“ ic ’’ V. “ ous ’’ III. 

Barium 



Ba 

137 

11. 

Boron 



B 

II 

III. 

Bromine 



Br 

80 

I. 

Calcium 



Ca 

40 

11. 

Carbon . 



C 

12 

IV. 

Chlorine 



Cl 

35«5 

I. 

Chromium 



Cr 

52 

VI. 

Copper 



. Cu 

63-5 

‘‘ic’’ II. “ous” I. 

Hydrogen 



H ‘ 

I 

I. 

Iodine . 



I 

127 

I. 

Iron 



Fe 

56 

“ ic ” III. “ ous ” II. 

Lead 



Pb 

207 

II. 

Magnesium 



. Mg 

24-4 

IL 

Manganese 



Mn 

55 

manganate VII. 

Mercury 



. Hg 

200 

salts II. 

“ ic ” II. “ ous ” 1 . 

Nitrogen 



N 

14 

V. or III. 

Oxygen 



0 

16 

II. 

Phosphorus 



P 

31 

V. or III. 

Potassium 



K 

39 

I. 

Silicon 



Si 

28 

IV. 

Silver . 



Ag 

108 

I. 

Sodium 



Na 

23 

I. 

Strontium 



Sr 

87-6 

II. 

Sulphur 



S 

32 

yi. IV. II. 

Tin 



. Sn 

ii8'7 

“ ic ’’ IV. “ ous ” II. 

Zinc 



Zn 

65*4 

II. 
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Tension of Water Vapour (Vapour Pressure) 


Temp. 

P- 

Temp. 


°C 

(mm Hg). 

"C. 

(mm Hg) 

0 

4*57 

26 

24*96 

I 

491 

1 27 

26*47 

2 

5*27 

28 

28*07 

3 

5-66 

29 

29*74 

4 

607 

30 

3^*51 

5 

6*51 

31 

33*37 

6 

6*97 

32 

35*32 

7 

7*47 1 

33 

37*37 

8 

7*99 1 

34 

39*52 

9 

8*55 

35 

41*78 

10 

914 

36 

4416 

11 

9*77 

37 

46*65 

12 

10*43 

38 

49*26 

13 

11*14 

39 

52-00 

14 

11*88 

40 

5487 

15 

12*67 

41 

57-87 

16 

13*51 

42 

6102 

17 

14*40 

43 

64-31 

18 

15*33 

44 

67*76 

19 

16*32 

45 

71-36 

20 

17*36 

46 

75-13 

21 

i8*47 

47 

79-07 

22 

19*63 

48 

83-19 

23 

20*86 

49 

87-49 

24 

22*15 

50 

91-98 

25 

23*52 
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TABLE OF LOGARITHMS. 
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78 
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212 220 
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6 (2) 36 

Cutting glass tubes, 5 . . 8 
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148 
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5 
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28 
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Wash bottle, 5-n . . 8-13 

Water, Demonstration ii . 53 

,, of crystallisation, 21 . 28 

,, hard and soft, 52 . . 55 

„ influence on chemical 
change, 91 ... . 96 

Zinc (tests for), ip5 . , 189 

,, (equivalent weight), 21 1 216 
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